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LETTEE 
SECRETARY OF THE SMITHSONIAI INSTITUTION, 

The annual report of the Smitktonian Institution for the year 1871. 



SuiTHsoNiAN Institution, 

Washington, April 15, 1872. 
SiE : In bebalf of the Board of Begents, I have thp honor to submit 
to the CoDgrvsa of the United States the annual report of the opera- 
tious, expeuditores, and condition of the SmithBonian Institution for 
the year 1871. 
I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HESRT, 
Secretary Smithsonian Inatitution. 
Hod. S. Colfax, 

President of the Senate. 
Hon. J. G-. Blaine, 

^alcer of the Mouse of Bt^esentatives. 
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ANNUA! REPORT OF THE SMITHSONIAN INSTITUTION FOR 1871. 



This document contains: 1. The programme of organization of the 
Smithaonian Inatitntiou. 2. The annual report of the Secretary, giving 
an account of the operations and condition of the estahlishmeut for the 
year 1871, with th© statistics of collections, exchanges, meteorology, &c. 

3. The report of the executive committee, exhibitingtbeflnancialaflfairs 
of the Institution, including a Bt3t«ment of the Smithson fnnd, the re- 
ceipts and expenditures for the year 1871, and the estimates for 1873. 

4. The proceedings of the Board of Regents. 5. A general appendix, 
consisting principally of reiJorts of lectures, translations from foreign 
journals of articles not generally accessible, but of interest to meteor- 
ologists, correspondents of the Institution, teachers, and others inter- 
ested in the promotion of knowledge. 
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PKOGEAMME OF ORGANIZATION 



SMITHSONIAN INSTITUTION. 



[PRESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND 
ADOPTED BY THE BOAKD OF REGENTS, DECEMBER 13, 1847.] 



INTEODtJCTION. 



General considerations which should serve as a guide in adopHng a Plan 
of Organization. 

1. Will of Smithson. The property is bequeathed to the United 
States of America, " to fouiid at WashiDgtou, under the name of the 
SHtTHSO»iA!4 Institution, an establishment for the increase and dif- 
fasion of knowledge among men." 

2. The bequest is for the benefit of mankind. The Government of 
the CTnited States is merely a trustee to carry out the design of the 
testator. 

3. The Institution is not a national establtsbment, as is frequently 
supposed, but the establishment of an individual, and is to bear and 
perpetuate bis name. 

4. The objects of the Institution are, 1st, to increase, and 2d, to dif- 
fase knowledge among men. 

5. These two objects should not be confounded with one another. 
Ilie first is to enlarge the existing stock of knowledge by the addition 
of new truths ; and the second, to disseminate knowledge, thus increased, 
among men. 

G. The will makes no restriction in favor of any particular kind of 
knowledge ; bence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new tmths ; and can be most eztea- 
Bively diffused among men by means of the press. 

& To effect the greatest amount of good, the organization should be 
sach as to enable the Institution to produce results, in the way of in- 
(teasing and diffusing knowledge, which cannot be produced eitbet at 
all or so efficiently by the exieting institutions in our coontryi^- , -,^,1^ 
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9. The organization slionld also be sacb as can be adopted proYis- 
ionally j can be easily reduced to practice ; receive modi&catioDB, or be 
abandoned, in whole or in part, without a sacrifice of the funds. 

10. In order to compensate in some measnre for the loaa of time occa- 
sioned b; the delay of eight years in est^ablishing the Institution, a 
considerable portion of the interest which has accrued should be added 
to the principal. 

11. In proportion to the wide field of knowledge to be cultivated, the 
funds are small. Economy should, therefore, be consulted in the con- 
struction of the building; and not only the first cost of the edifice 
should be considered, but also the continual expense of keeping it la 
repair, and of the snpport of the establishment necessarily connected 
with it. There should also be but few individuals iwrmanently sup- 
ported by the Institntion. 

12. The plan and dimensions of the building should bo determined 
by the plan of organizatioD, and not the converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perversion of the trnst. 

14. Besides the foregoing considerations, deduced immediately from 
the will of Smithson, regard must be bad to certain requirements of the 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION I. 

Plan of organization of the InatituHon in accordance with the foregoing 
deductiotts from the will of Smithson. 

To INCEBASE KNOWUEDGB. It 18 proposed — 

1. To stimulate men of talent to make original researches, by ofiering 
aaitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particularre- 
searches, nnder the direction of suitable persons. 

To DIFFUSE KNOWLEDGE. It is proposed— 

1. To publish a series of periodical reports on the progress of the 
different branches of knowledge; and, 

2. To publish occasionally separate treatises on subjects of general 



DETAILS OP THE FLAN TO INCREASE KNOWLEDGE. 

I. By stimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 

• n,g,t,7l.dM,COOglC 
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2. Tbe naemoirs thus obtained to be published iu a series of volumes, in 
a qaarto form, and entitled Smithsouiaii Contributioos to Knowledge. 

3. So memoir on subjects of physical science to be accepted for pub- 
lication which does not furnish a positive addition to human knowledge, 
resting on original research ; and all unvei-ified speculations to be re- 
jected. 

4. Each memoir presented to the Institation to bo submitted for ex- 
amination to a commission of persons of reputation for learni'ig in the 
tvanch to which the memoir pertains; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to be chosen by the ofBcers of the Institution, 
snd the name of the author, as far as practicable, concealed, unless a 
favorable decision is made. 

6. Tbe volumes of tbe memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries in this country. One part of tbe remaining 
copies may be offered for sale, and the other carefully preserved, to 
fonn complete sets of the work, to supply the demand from new in- 
stitutions. 

7. An abstract, or popalar accoant, of the contents of these memoirs 
to be given to the public through the annual report of the Regents 
to Congress. 

IL By appropriating a part of the ituiome, annuaUy, to special objects 
of research, uader tke direction of suii<U>le persons. 

1. The objects, and the amount appropriated, to be recommended by 
connselors of the Institution. 

2. Appropriations in different years to different objects; so that in 
coarse of time each branch of knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
with the memoirs befcnre mentioned, in the volumes of the Smithsonian 
Contributions to Knowledge. 

4. Examples of objects for which appropriations may be made : 

(1.) System of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
iietical,aud topographical 8nr\'eys, to collect materials for the formation 
of a physical atlas of tbe United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of tbe velocity of electricity, and of 
light ; chemical analyses of soils and plants ; collection and publication 
of scientific facta accumulated in the ofHces of Government. 

(1.) Institution of statistical inquiries with reference to physical, 
moral, and political snl^ects. 

n,g,t,7l.dM,\^OOglC 
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(5.) Historical researches, and accunite' snrveys of places celebrated 
la AmericaD history. 

(6.) Ethiiological researches, particularly with reference to the differ- 
ent races of men iu North America ; also, explorations and accurate 
surveys of the mounds and other remains of the ancient people of our 
country. 

DETAILS or THE PLAN FOB DIFFUSING KNOWLEDGE. 

I. By the publication of a series of reports, giving an account of the 
neu! discoveries in saence, and of the changes made from year to year 
in all branches of knowledge not strictly professional, 

1. These reports will diffuse a kind of knowledge generally interest- 
ing, hnt which, at present, is inaccessible to the public. Some of the 
reports may be published annually, others at longer intervals, as the 
income of the Institution or the changes in the branches of knowledge 
may indicate. 

2. The reports are to be prepared by collaborators eminent in the dif- 
ferent branches of knowledge. 

3. Each collaborator to be furnished with the journals and publica- 
tions, domestic and foreign, necessary to the compilation of his report; 
to be paid a certain sum for his labors, and to be named on the title- 
page of the report. 

4. The reports to be published iu separate parta, so that persons in- 
terested in a particular branch can procure the parts relating to itwith-' 
out purchasing the whole. 

5. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to be given to literary and scientific insti- 
tutions, and sold to individuals for a moderate price. 

II, By the publication of separate treatises on snbjects of getteral interest. 

1. These treatises may occasionally consist of valuable memoirs, 
translated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by offering premiums for the 
best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present stat« of the several branches of knowledge mentioned in the 
table of reporta 

SECTION II. 
Plan of organization, in accordance with the terms of the resolutions of 
the Board of Begents providing for the two modes of increasing and 
I diffusing Icnowledge. 

1. The act of Congress eatablisbing the Institution contemplated the 
formation of a library and a musenm ; and the Bof^ of Begents, in- 
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dnding these objects in the plan of organization, resolved to divide 
the income into two eqnal parts. 

2. One part to be appropriated to increase and diffuse knowledge by 
means of publications and researches, agreeably to the scheme before 
given. The other part to be appropriated to the formation of a library 
ud a collection of objects of nature and art. 

3. Tbeee two plans are not incompatible with one another. 

i. To carry out tbe plan before described, a library will be required, 
coDBisting, Ist, of a complete collection of the transactions and pro. 
ceedmgs of all the learned societies in the world ; 2d, of the more im- 
portant cnrrent periodical pablications, and other works necessary in 
preparing the periodical reports. 

5. The Institution should make special collections, particularly of ob. 
jects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of ex- 
perimental science. 

T. With reference to the collection of books, other than those men- 
tioned above, catalognes of all the different libraries in the United 
States should be procnred, in oi'der that the valuable books first pur- 
chased may be such as are not to be found in tbe United States. 

8. Also, catalognes of memoirs, and of books and other materials, 
should be collected for rendering the Institution a center of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary to 
poicbase articles of this kind. 

10. Attempts should be made to secure for the gallery of art casts of 
the most celebrated articles of ancient and modern sculpture. 

11. The arts may be encouraged by providing aroom, free of expense, 
lor the exhibition of the objects of the Art-Union and other similar 
societies. 

12. A small appropriation should annually be made for models of an- 
tiqaities, such as those of tbe remains of ancient temples, &c. 

13. For the present, or nntil the building is fully completed, besides 
the Secretary no permaneDt assistant will berequired, exceptone, to act 
aa librarian. 

14. The Secretary, by the law of Congress, is alone responsible to the 
fiegents. He shall take charge of the building and property, keep a 
record of proceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Begents, employ assist- 
ant*. 

15. The Secretary and his assistants, during the session of Congress, 
*>1I be required to illustrate new discoveries in science, and to exhibit 
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new objects of art DistiDgaished iadiTidnals should also be mvitedto 
give lectures on subjects of general interest. 



The foregoing programme was that of the general policy of the In- 
stitutioD until 186S, when Congress took charge of the library, and since 
an appropriation has been made by Government for the maintenance of 
the moseom the piovisons of Section II are no longer folly observed. 
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EEPOET 

OF 

PROFESSOR JOSEPH HENRY, 

SECKETAEY OP THE SMITHSONIAN INSTITUTION, 
FOR 1S71. 



To the Board of BegenU of Otc Smithsonian Institution : 

GEI4TLEMEN : I Lave the honor to present herewith another annuid 
report, in whicli I am happy to inform you that the financial affairs of 
the Institution intrusted to your care by the Government of the United 
States are still in a, favorable condition, and that Its operations during 
the year 1871 have continued to enlarge the hounds of human knowl- 
edge and to facilitate the international exchange of scientific truths. 

Finances. — The following is a general statement of the condition of 
the Smithson fund at the beginning of the year 1872, as will be seen by 
a reference to the reimrt of the Executive Committee : 
Total pennanentSmithsonfuDdinUnitedStatesTreasury. $650,000 00 
In addition to the above there remains of the extra fund, 
derived from savings, &c., in Yirginia bonds, at par val- 
ue, $88,125.20 J now worth about 35,500 00 

Cash balance in First National Bank 16, 315 02 

Amount of congressional appropriation for the fiscal year, 
June 30, 1872, $10,000, one-half of which is available 
January,1872 5,000 00 

Total Smithson funds, January, 1872 706, 815 02 

The Virginia stock, which in 1870 was $72,760, has been nominally 
increased to $88,125.18 by the funding of the Interest due, while the 
marketable value of the whole has declined from $18,000 to $35,500. 
This fell in the value of the Virginia stock has been due to the un- 
settled policy of the State in regard to its public debt. It will be 
recollected that all the other State stocks held by the Institution, in 
which the savings from the income had been invested, were sold in 
1867, and the proceeds, added, by an act of Congress, to the perma- 
nent fund, forever deposited in the Treasury of the United States. 
The Virginia stock was retained, with the confident expectation on the 
part of the majority of the Board of Begents that its value would 
increase. ISot the slightest idea was entertained that .Virginia, with 
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all lier resources and a large amonnt of moDey in her treasury^ vonid 
hesitate to make provision for the payment of the interest on her bonds. 
It is still confidently expected, &oid recent indications, that the value 
of this stock will increase. I woald, however, recommend that it be 
disposed of as soon as may be, and the proceeds added to the perma- 
nent fnnd. 

In an institution of this kind do dependence ought to be placed upon 
the contingency of the fluctuation of stocks. I may, perhaps, in this 
connection, be allowed to mention the fact that, to meet the payments 
on the building daring its construction, it became my duty from time 
to time to sell portions of the stock in which the building fund had 
been invested. In doing this, by waiting a few days, in some cases a 
considerable profit might have been made, and in other cases a loss 
would have ensued. These fluctuations gave rise to considerable 
anxiety and an unpleasant sense of responsibility, from which I was 
relieved by adopting the mle always to sell on the day in which the 
money was actually required. A similar jKilicy has been adopted in 
regard to the sale of the gold received as the semi-annaal interest on 
the permanent fund, which is always disposed of on the day in which 
it is paid by the Treasury, and tbe proceeds placed to the credit of the 
Smitbson account in the First National Bank. 

The income from the fund during the year, including the premium on 
gold, was 943,192.50. The expenditures were as follows: viz, $9,032.41 
for repairs, and reconstruction of the building, and furniture; tU,302.C4 
for salaries and general expenses ; 415,431,93 for publications and re- 
searches ; $8,132.95 for museum ; $4,455.30 for exchanges, ete. ; mak- 
ing an aggregate of $48,355.29, indicating an apparent excess of, 
expenditures over receipts of $5,102.79. But to balance this excess 
there remained in the United States Treasury, as previously stated 
$5,000 of the appropriation for tbe museum wbicb had not been drawn. 

Besides the foregoing, $20,000 were expended on the building, and 
$4,976 lor the care of tbe museum from appropriations by Congress, a 
more detailed account of which will be found in a subsequent part of 
this report. 

As stated in the last report Congress has indicated its intention to 
make.appropriatjons for the independent support of tbe national mu- 
seum, under tbe care of the Institution, and bence, in giving an account 
of the operations of the whole establishment, it is proper todivide them 
into two classes, those wbicb relate to tbe legitimate objects of tbe 
Smithsonian Institution and those which pertain to tbe care and exhi- 
bition of the specimens of the national museum. In tbe following 
account we shall adopt this division. 

OPERATIONS OF THE INSTITtTTION. 

PtiAIioalKMU.— The publications of the Institution are of three classes 
— the Contributions to Knowledge, the Miscellaneous Collections, and 
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the Annnal Beporte. The first consist of memoirs coDtaining positive 
additions to science resting on original research, and wliicli are gener- 
ally the resnlt of investigations to which the Institution has in some 
way rendered assistance. The Miscellaneons Collections are composed 
of works intended to facilitate the study of branches of natnral his- 
tory, meteorology, etc., and are designed especially to induce individuals 
to engage in studies as specialties. The Annua] Reports, heside an 
account of the operations, expenditures, and condition of the Institu- 
tioD, contain translatioDS from works not generally accessible to Amer- 
ican students, reports of lectures, extracts from correspondence, &c. 

During the past year the seventeenth volume of the Contributions has 
been distributed. It consists of a single memoir, by Lewis H. Morgan, 
esq., of 602 quarto pages, illustrated by thirteen plates, in three parts: 
First, a descriptive system of relationship of the Aryan, Semitic, and 
Uralian families; second, the classificatory system of the Ganow&nian 
family ; and third, a classificatory system of the Turanian and Malayan 
families. This volume has been distributed to institutions in this country 
and abroad, and has met with approval as an important contribution to 
the science of anthropology. 

The paper on " The rain-fall in the United - States," referred to in the 
last report, has been printed, but it was found necessary to make 
additions and corrections, especially in the charts, which have pre- 
vented its distribution to the present time. 

A short paper by Professor William Ferrel, on "Converging series, ex- 
pressing the ratio between the diameter and the circumference of a 
circle," which was read before the National Academy of Sciences, has 
been printed during the past year, and will form part of the eighteenth 
volame of the Contributions. 

The papers of General J. G. Barnard, on " Problems of rotary motion 
presented by the gyroscope, the precession of the equinoxes, and the 
pendulum ;" of Mr. J. N. Stockwell, on " Secular variations in the orbits 
of the eight principal planets ;" and of Dr. H. 0. Wood, on " Fresh- 
water algie," have been placed in the hands of the printers daring the 
past year, and will also form parts of the eighteenth volume of Contribu- 
tions, to be issued in 1S72. 

Another paper in coarse of publication is by Professor William Hark- 
ness, of the United States Naval Observatory. It contains the records 
and discussions of a series of magnetic observatioos by the professor dur- 
ing thecrnise of the Monitor Monadnock, from Philadelphia to San Fran- 
cisco, in 186&-'06. The investigation was undertaken because the vessel 
was heavily armored and the voyage extended far into both hemispheres, 
thus affording a favorable opportunity of submitting Poisson's theory of 
the deviations of compasses on iron ships to the test of rigorous observa- 
tions, which had never been done before. The disturbing force acting on 
a compass-needle is expressed as a function of the forceof terrestrial mag- 
netism, and of cert^n constants peculiar to the ship upon whiojbf^ 
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compass is situated, nence, in addition to svingiDg the Moaaduock, or, 
la other words, turolag its bow in saccessioD to every point of tbc horizon 
to determine the deviations of her compasses from the true north, it was 
necessary to malie observations on terrestrial magnetism on shore, and 
these, in their tarn, required the determination of time, latitude, and 
azimntb. The memoir is divided into five sections: Ist, introdaction j 
2d, description of stations ; 3d, astronomical observations; 4th, observa- 
tions on terrestrial magnetism ; 5th, observations on the magnetism of 
the ship. The resnlts obtained may be summed up as follows : The lati- 
tude of seven points was determined. The magnetic declination, iucli- 
nation, and horizontal force were obtained at seventeen stations, eleven 
of which were in South America, The ship was swung, and the devia- 
tions of all her compasses, seven in number, were observed and compared 
with those deduced from theory at ten places so situated iis to aflbrd 
very great changes in the terrestrial magnetic elements. For all these 
compasses the co-efficients or quantities necessary to reduce Poisson's 
general equations were determined separately, with considerable accu- 
racy. The agreement between theory and observation was found to 
be sufficiently exact for the purposes of davigation, but not entirely 
satisfactory in a scientific point of view. It appears from the results that 
certain parts of the theory require further investigation; and from the 
observations it is shown that when a vessel is swung for the first time 
near where she was built it is impossible to make any reliable estimate 
of the changes which the deviations of her compasses will undergo upon 
a change of magnetic latitude. 

The memoir of Dr. E. W. Ililgard, on "The geology of Lower Louisiana, 
including the Petite Ause region,'' mentioned in the last report, has been 
received Irom the author, aud the illustrations put in the bauds of the 
engraver. 

The work of Professor S. Kewcomb, on "A new orbit of Uranus as 
influenced by the perturbations of iNeptune and other bodies," is still in 
progress. In the calculation of the tables for indicating the places 
of Uranus, the assistance of Dr. Kampf, late of Germany, has been 
secured at the expense of the Institution. The labors of Professor 
Newcomb are gratuitously given for the advance of science. 

Tbc articles for the Miscellaneous Cotlectiong mentioned in the last 
report, viz : DeSaussnre'a " Monograph of hymcnoptera," Uhler's " Mono- 
graph of bemiptera," and Watson's "Botany of the region west of the 
Mississippi," are still in the course of preparation, aud some of them 
will be published during the next year. 

The "Arrangement of the families of Mollusks," by Professor Theo- 
dore Gill, described in the last report, has been published. It forms an 
octavo pamphlet of 65 pages, and will be of importance in arranging 
the specimens of the national museum, as well as those of other col- 
lections in this country. 

A fourth edition of .the " List of foreign institutions in correspondence 
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with the SmitbBOnisD" is now ia press, as well as a similar list, em- 
bracing all the scientific, edncational, and litersiy establishmenls in the 
United States, prepared by Mr. Bhees, chief clerk of thia Institation. 

New editions of the following works were printed dnring the year: 
Physical and meteorological tables, Catalogue of Smithsonian publica- 
tions, Beview of American Birds, Classification of coleoptera, Bibliog- 
raphy of North American conchology, Besearches on Hydrobiins, 
Check lists of fossils, Instmctions relative to shells, Insects, tornadoes, 
Museum miscdlanea, Catalogue of birds, &c 

In addition to the above, the following sew circulars of instructions 
have been prepared and distributed : 

Circular relative to observations on thunder-storms. 

Circular relative to the construction of lightning-rods. 

Circular relative to collection of altitudes from railway and canal 
esplorationa. 

The Institation many years ago prepared and published lists of 
irords and phrases for collecting vocabularies of tbeseverallndlan lan- 
guages of North America, which were distributed to officers of the Army, 
missionaries, Government exploring parties, and private indi\idnals, 
and trom these have been received over two hundred separate vocabu- 
laries. These include the tribes of Oregon, Washington, California, 
Borth west coast, New Mexico, Arizona, and the prairies. They have all 
been placed in the hands of George Gibbs, esq., for critical study and 
revision, and after consultation with some of the principal philologists 
of the country, It has been concluded to publish them, as it were provis- 
ionally, for distribution, as materials for ethnological and lingnistic in- 
Testigatlons. Mr. Gibbs has kindly undertaken to superintend the 
ptinting, and it is proposed to put them to press iounediately. 'They 
will not only be of great use to the student of ethnology, but also be 
of practical value to missionaries, teachers, and all who are brought 
iuto intercourse with the aborigines of the country. No publication of 
the Insritution has been called for more frequently than that of the 
Grammar and JDictionary of the Dakota language. Unfortunately, it 
vas published at an early period of the Institution, and was not stereo- 
typed } otherwise we would long since have struck off a new edition. 

The R^ort of the Institntiou for the year 1870 was printed, as here- 
tofore, at the Government expense, and we are gratiiled to state 
that a larger number of extra copies was ordered than of the pre- 
vious year. The demand for these reports is, however, constantly 
incifasing; and we would renew the recommendation made before, that 
Congress not only order a larger edition of the report for the coming 
year, but that a new edition be printed from the stereotype plates of 
previous volumes. In addition to the report of the Secretary, giving 
an account of the operations, expenditures, &c, of the Institution, and 
the proceedings of the Board of Begents, the report for 1870 contains 
2«" r.,,,„,C00glc 
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the following artivles: A eulogy on Professor Alexander Di^aa Bache, 
late SaperintendeDt of the Coast Sairey, and president of the National 
Academy of Sciences, prepared by Professor Henry at the reqoeat of 
the Board of Begents of the Smithsonian Institation ; a lectare on 
Switzerland, by Professor Bache, to illastrate bis style, with notes, briag- 
iug the subject down to the present time, by Juo. Hitz, esq., consul 
general of that country ; on a physical observatory, by Professor 
Henry ; memoirs of Arago, Sir John Herschel, Henry Gustavas Mag- 
nus, Professor Chester Dewey; an original article on the nature 
and origin of force, by W. B. Taylor, of the United States Patent- 
OfBce; a discourse on induction and deduction, by Liebig; an address 
on the relations of food to work aud its bearing on medical practice 
by Eev. Samuel Haaghton, of Dublin ; a lecture on hydrogen, by Dr. J. 
E. Beynolds ; a leetnre on the identification of the artisan and artist, by 
Cardinal Wiseman ; the diamond aud other precions stones, translated 
from the French of M, Babinet; a large number of original commuuica- 
tions on ethnology, pjiysics, and meteorology. 

The following are the mies which have been adopted for the distribu- 
tion of the publications of the Smithsonian Institution : 

Ist. To learned societies of the first class which present complete 
series of thmr publications to the Institution. 

2d. To libraries of the first class which give in exchange their cata- 
lognes and other publications; or an equivalent, from their duplicate 
volumes. 

3d. To colleges of the first class which furnish meteorological observa- 
tions, catalogaes of their libraries and of their students, and all other 
publications relative to their organization and history. 

4th. To States and Territories, provided they give in return copies of 
all documents published under their authority. 

E>th. To public libraries in this country, not included in any of the 
foregoing classes, containing 10,000 volumes, and to smaller libraries 
where a large district would be otherwise unsuppliod. 

6tb. To institutions devoted exclusively to the promotion of particular 
branches of knowledge are given such Smithsonian publications as 
relate to their respective objects. 

7th. The Reports are presented to the meteorological observers, to con- 
tributors of valuable material to the library or collections, and to per- 
sons engaged in special scientific research. 

Exchantfes, — The system of international exchanges has been Inrgely 
increased in extent and efficiency during the past year. The number of 
foreign establishments to which the Smithsonian and other publications 
are distributed, and from which returns are received, now nmoonts to 
nearly two thousand. The system includes not only all the first-class 
libraries, aud societies of established reputation, but also a considerable 
number of the minor institutions of the Old World. The following 

C'.ooi^lc 
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table exbtbitB tlie namber of foreitca iDstitations in eacb coantr; v 
which the Smithsonian is at present in correspondence : 



Sweden ... 
Norway - , . 
Iceland . . - 
Denmark . . 



26 

Snssia 154 

Holland 65 

Germany 573 

Switzerland 63 

Belgium 126 

France 190 

Italy 149 

Portugal 20 

Spain 11 

323 











Asia 


36 


Australia 


2G 


Polynesia 


1 




11 








1 








5 



Total 1,937 



Great Britain and Ireland .. 
Greece 

During the year, 1,778 packages, containing many thousand different 
articles, were transmitted to foreign conntries. These packages filled 
108 large boxes, having a cubical content of 772 feet and weighing 
29,950 pounds. The parcels received at the lostitutioa for parties in 
this coantry, in addition to those for the Smithsonian library, numbered 
3,952. 

As iu preriouB years, the Institation has received important aid lh)m 
various steamer and railroad lines in the way of fr«e Alights, withont 
which the expense of carrying on the system would be far beyond the 
means at onr command. Acknon-ledgment is again due for the liber- 
aUty of the following companies ; Pacific Mail Steamship, Panama Bail- 
road, Pacific Steam Kavigatioo, 'Sew York and Mexican Steamship, 
New York and Brazilian Line, North German Lloyds, Hamburg Ameri- 
can Packet, French Transatlantic, Inman Line, Gunard Line, Anchor 
Line, Union Paciflo Bailroad. The Adams Express Company also 
continaes its liberal policy in regard to freight for the Institution. 

The advantages which resnlt from the international scientific ex- 
changes have become so apparent that establishments similar in this 
respect to the Smithsonian are beginning to be formed in different pmts 
of Europe. A central scientific bnrean for the Netherlands has been 
established in Amsterdam, the object of which is to receive and trans- 
mit packages for different parts of the world, and iu this coantry to 
co-operate with the Smithsonian Institution. 

The international exchange is not confined alone to the transactions 
and proceedings of societies, bat also includes scientific works of indi- 
viduals. We frequently receive from persons abroad who can afibrd 
the cost, copies of works to be gratuitously distributed among insti- 
tutions and libraries in this country, and also scientific works from 
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personn io thie couDtr; to be distributed abroad. In most cases tbe list 
of distribation is made out by the party aeudiog the copies, but some- 
times the selection of recipieots is left to the lastitation. Among the 
articles distributed In this way which ve shoald have mentioned in the 
last report, is the narratiTe of an exploration to Musardo, the capital of 
the Western Mandigoes, through the country east of Liberia, by Benja- 
min Anderson, a young man of pare negro blood. Tbe narrative was 
printed without correction from the original manuscript at the exx>en8e 
of Mr. H. M. Schiefifelin, of New York, and nearly the whole of the edi- 
tion was presented to the Institution for distribution. 

The labors of tbe Institution in the way of exchanges can scarcely be 
too highly estimated. Whatever tends to enlarge the sympathies of 
individuals and of nations, to render the progress of thought in each 
country common to all, must serve an important end in advanc- 
ing the world in intelligence and morality. The works which are re- 
ceived through this system, by the several institutions of tbe United 
States, contain the records of the advance of science in all foreign coun- 
tries at the present day. They do not consist of ordinary books, but 
special accounts of the actual increase of knowledge by the human 
family, or an account of that which constitutes tbe advance of man in 
a higher and wider intellectual development. 

To afEord information as to the regulations adopted for trnnsmitting 
packages intended for exchange, a circular, of which the following is a 
copy, has been widely distributed : 

1. Every package, without exception, must be enveloped in strong 
paper, and so secured as to bear separate transportation by express or 
otherwise. 

2. The address of the institution for which, or the individual for whom, 
the parcel is intended must be written legibly on the package, and the 
name of the sender in one comer. 

3. No single package must exceed the half of a cubic foot in bulk. 

4. A detailed list of addresses of all the parcels sent, with their con- 
tents, mast accompany them. 

5. Ko letter or other communication can be allowed in the parcel, 
excepting such as relates exclusively to the contents of the package. 

6. All packages must be delivered in Washington free of freight and 
other expenses. 

Unless all these conditions are complied with the parcels are not for- 
warded from the Institution; and ou the failure to comply with the 
first and second conditions, they are returned to the sender for correction. 

The Institution recommends that every parcel should contain a blank 
acknowledgment, to be signed by the recipient and returned through the 
agent of the Institution, or, what is still better, directly by mail to the 
sender. Should exchanges be desired for what is sent, tbe fact should be 
explicitly stated on the accompanying circular. Much disappointment is 
fteqaently expressed at the absence of any retorn in kind for tranamia- 
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siona ; bat nnlesa these are specifically asked for they will fail in maDy 
instances to be made. It will facilitate the labor of the ItiBtitotion 
Tery greatly if the nnmber corresponding to the several addresses in 
the Smithsonian printed catalogue be marked on the face of each 
parcel ; and for this purpose a copy of the vork will be forwarded to 
all who apply for it 

Specimens of natural history will not be received for traDSmission^ 
onless with a previooB anderstanding as to their character and bulk. 

Library. — The accessions to the library during the last year from the 
foreign exchanges have not been as large as tbey were the year before^ 
on account of tiie war between France and Germany. 

The following is a statement of the books, maps, and charts received 
by exchange in 1871, and which have been deposited in the National 
Library in accordance with arrangements made several years ago, 
and fully explaiued in previous reports : 

Volumes : 

Quarto, or larger 277 

Octavo, or less 659 

930 

Parts of volumes : 

Quarto, or larger 625 

Octavo, or less 1, 156 

1,781 

Pamphlets : 

Quarto, or larger 316 

Octavo, or less 1, 482 

1,798 

Maps and charts 83 

Total receipts 4,697 

The following are some of the larger foreign donations received by 
the Smithsonian Institution in 1871 : 

From the Eoyal University of Norway, Christiania ; 14 volumes, 37 
pamphlets, aud 3 charts. 

Bergen Museum, Bergen, Norway : 11 volames and 31 pamphlets. 

Bnssian government, St. Petersburg: Engineering Journal, Axtillery 
Journal and Ordnance Magazbie for 1870; Cancasian statistics, 1869} 
Appendix to the Code of Laws, 1869. 

Statistical bureau, Stockholm : Contributions to Swedish statistics, 26 
partB, qoarto. 

Emperor of Germany : " Prensaeu's SchlSsser and BesidenzeD," vol. xi, 
folio ! and " Scriptores rerum Prussicarum," vol. iv. 

F. Yieweg & Son, Braunschweig : 42 volumes and 12 pam()l^^^|^ 
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Hungarian Academy of Sciences, Pestb : 16 volames and 63 parts, 
leporta tnmsactioos, && 

Univeraity of Pestb : 44 pamphlets, ioaagaral dissertations. 

Univemty of Leipsic : 104 punpblets, inaagoral dissertations. 

TTniTersit? of Gottingen : 70 pamplilets, inangnral diasertstions. 

tTnirersity' of Bonn : 44 pamplilets, inangaral dissertations. 

UniTerslty of KSnigsberg : 144 pamphlets, inangmal dissertations. 

Unlvendty of Wilrzbarg: 80 pamphlets, inaugural dissertations. 

Board of Admiialty, London : 7 volnmes, 36 charts, and 10 pamphlets. 

British Mosenm : Catalogue of Syriac manuscripts, part ii ; catelogue 
of prints ; catalogue of satires, vol. 1 ; band list of birds, parts ii and iii. 

Boyal Society, London : Philosophical transactions, vol. ICO, port i; 
proceedings, 119-123 ; catalogue of scientific papers, vtH. iv; Green- 
wich magnetic and meteorological observations, 186S. 

B. L. Simmonds, London : 18 volnmes and 52 pamphlets. 

Thomason College, Bourkee : 10 works on CJTil Engineering. 

Government Observatory, Sydney, Australia : Observations, 3 volames 
and 55 parts. 

Grand Ducal Court Library, Karlsmbe : 5 volumes and 3 parts. 

University of Pisa: 22 volumes and 40 pamphlets. 

The Minister of Agricolture, Industry, and Commerce, Florence : 27 
volumes and 41 pamphlets. 

Boyal Institution for the Encouragement of Natural Sciences, Tech- 
nology, &c., UTaples : Atti, second series, volumes i-viii ; qnarto. 

University of Chili, Santiago : 14 volumes and 5 pamphlets. 

The value of the National Library still continues to be increased 
in the number and character of the books which are annnally added to 
it, first by books purchased, second by the Smithsonian exchanges, 
and third by the deposit of books in accordance with the copyright 
law. As we have said in previous reports, the space for the accommo- 
dation of this valuable library — ^now the largest in the United States — 
is tar too circumscribed even for the wants of the present time, without 
regard to those of the future. It is, therefore, proper to keep the propo- 
sition of a new and separate building constantly in mind. The neces- 
sity for such a building is not alone confined to the better accommoda- 
tion) of the books, but also includes greater facilities for consulting 
them by students, as well as by general readers, in the way of greater 
seclusion in separate spaces, and the Dumber of hours during which the 
library is open. With a separate building, certain portions of it at 
least might be accessible during the evening, which, perhaps, would be 
of greater importance to Washington than a similar arrangement in 
any other city, on aocoaut of the large number of educated men in the 
various offices of the Government, who cannot avail themselves at other 
hours of the great advantage which the library affords for the prose- 
cution of study. 

It may be proper to add, in this connection, that the-libraiiv'^now de- 
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posited in the Army Medical MuBeam, uambering 20,000 volumes of 
irorks relating to medical subjects, may be coDsidered as part of tlie 
great KationfU Library, and la rapidly increasing in the nomber and 
value of its cootents by an annoal appropriation from Congress. 

In accordance with tbe original agreement the ose of these books, as 
veil aa those now in the Capitol, is free to the Smithsonian Institution, 
and we may perhaps indulge tbe hope that the new building for the 
library, which is now contemplated, will be erected on the Smithsonian 
Ixroands, pertiaps as an extension of the present boilding. 

As we have said, one source of the increase of the library is the copy- 
right system. The number of these books would be increased, we think, 
and their character greatly improved, if an international copyright law 
were established, granting to the foreign author the same protection 
that is i^orded to our own citizens. For example, we would ask, what 
woold be the condition of the wool-grower if the manufacturer of cloth 
in this country had the power to obtain surreptitiously all the wool that 
he uses, paying nothing but for mann^turing the artidet What 
encouragement is there to an author to produce an original work on any 
branch of science when the puUisher can obtain one which will eqnally 
wdl answer his purpose from a foreigner without paying anything t But 
the question ought not to be decided on considerations even of this 
character; it belongs to the province of justice and morality, ^he re- 
sults of the labors of the mind, which form the basis of all human im- 
provement, ought not to be appropriated without remoneratioo, any more 
then the labors of tbe hand or of tbe machine. 

Meteoroloffs. — The Impression has prevailed since the establishment 
of the meteorological system by the Government, under the direction of 
the Signal-Corps, that the observations which have been so long made 
under the direction of the Smithsonian Institution may now be discon- 
tiaued. This idea is, however, erroneous. The object of the operations 
of tbe Signal-Service is principally one of immediate practlctJ utility, 
viz, that of predicting the condition of the weather for a day or more 
in advance of the actual occurrence. This it is enabled to do by the 
fact previoasly established, that, as a general rule, disturbances of the 
atmosphere are propagated over a wide extent of the surface of the 
earth in an easterly direction. Besides the number of stations neces- 
sary for the practical predictions of the weather, a much more numer- 
ous series of stations and long-continoed observations are required for 
determining the i>eculiarities of the climate, or for obtaining such infor- 
mation as may satisfy the requirements of the scientist, the physician, 
and the agriculturist It is on this account that tbe more extended 
observations established by the Institution, and which have nov been 
prosecuted for more than twenty years, are continued. It is true we 
would be gratified if the charge of this system were transferred to the 
Oovemment, with more ample funds for its maintenance than can be 
afforded from the income of the Institution. But so long as an arrange- 
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meat of this kind is not effected, it becomes the duty of tlie Institation 
to continue tlie system with such improvements as the appropriatioii 
which can be made on acconnt of it will allow. During the past year 
the number of stations has remained about the' same, viz, 314, to which 
a large number of additional rain-gauges have been dislribnted. Besides 
these, meteorological observations are received ih)m British America, 
Central America, Mexico, Bermuda, and some of the West Indies. 

The tables and deductions of rain-fall have been printed, and are 
nearly ready for distribution. 

The discussion of all the observations relative to the winds made under 
the direction of the Institution is still going on nnder the supervisiOD 
of Professor Coffin, Like his former work on the winds of the northern 
hemisphere, it win consist mainly of abstracts of observations on the 
relative frequency of the different winds, both at the surface of the earth 
and in the higher regions, as indicated by the motion of the clouds, with 
their resultant directions, and the monsoon inflnences by which they are 
affected in the different seasons, or months of the year. Where data 
could be obtained the aotnal transfer of the air in miles is also given. 

Where the places of observation are sufficiently remote from each 
other to admit of distinct delineation of the results, on maps of the scale 
it is proposed to nse, separate computations are made for each ; in other 
cases they are gronped by districts. The work will embrace the folloTr* 
ing material : 

I. All the observations reported to the Smithsonian Institation firom 
the year 1854 to 1860, inclusive, with some others in the earlier years. 

II. All those made at the United States militioy posts, and reported 
to the Surgeon General, from the year 1822 to 1859 inclusive ; and all 
those from posts west of the Mississippi for the succeeding ten years, 
up to the end of 1869. 

III. All those at sea, collected at the United States Naval Observa- 
tory, so far as they have been pnblished; t. e., over all the oceans be- 
tween the parallels of latitude 60© north and south, except a compara- 
tively small portion of the North Pacific lying between the meridians 
15(P east and 165'^ west from Greenwich ; and a few additional obser- 
vations sonth of Cape Horn. 

IV. Those taken at sea, beyond these limits, by Arctic and Antarctic 
explorers. 

V. Those at several hundred stations in other parts of the globe. 
This material, though very much more condensed than in his former 

work, will still make a considerably larger volume. 

In the discussion the whole surface of the earth is divided into zones 
by parallels of latitude drawn 5'^ asunder, and observations in these zones 
investigated in regular order from the North to the South Pole ; com- 
mencing with the observations in each at the 180th meridian from Green- 
wich, and proceeding easterly to the same meridian again. Profes- 
sor Coffin hopes to complete the tabular work in the course of two or 

L^.ooi^lc 
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three mooths, when nothing will remain to be done bnt the maps and 
Bome general deductions. 

To defray the cost of the labor in the preparation of tbis work other 
than that of Professor Coffin bimself, an appropriation has been made 
from the income of th^ Institution, The world will not only therefore 
be indebted to the Institution for the publication of the work, bat also 
fer the collection of the material and a part of the expense of the redac- 
tion a. 

I may mention that tbe previous publication by the Institution of the 
Winds of Korth America bas been largely made use of by the English 
Board of Trade in coostracting their wind-charts of the northern oceans, 
and that the work now in process of preparation will be of especial value 
for a similar purpose. 

The temperature observations are still in progress of reduction, two 
compntors being engaged upon the work. The progress of their labors 
has, however, frequently been interrupted by calls from difiFereut por- 
tions of the country for reports on the climate of different districts. 

The following is an account of the present condition of this part of 
the general reductions: 

The collection and tabnlation, in the form of monthly and annual 
means, of all accessible observations of the atmospheric temperature of 
the American continent and adjacent Inlands, have been completed to 
tbe close of the year 1870, and extensive tables representing the daily 
extremes, or tbe maximum and tbe minimum at the regular observing 
hours, have been prepared. 

Aa exhaustive discussion of all the observations available for the 
investigation of the daily ductnations of the temperature has been 
made, and this part of the work is now ready for the printer. 

The discussion of the annual fluctuations of the temperature has 
been commenced and carried as far as the present state of other pads 
of the discussion would permit. 

Tbe coostmctlon of a consolidated table giving tbe mean results, 
from a series of years, for each month, season, and the year, at all of 
tbe stations, which will probably exceed 2,500 in number, has been 
begun and completed for that part of the continent lying north of the 
United States, and also for several of the States. This is perhaps the 
most laborious, as it is one of the most important parts of the dis- 
cussion. In many of the large cities there are numerous series, made 
by varions observers, at different hours, all of which have to be brought 
together, corrected for daily variation, and combined to obtain tbe 
final mean. To give some adequate idea of the time and labor involved 
in the preparation of these tables, it may be mentioned that, in the State 
of 24ew York alone, there are about three hundred series, which are 
derived from nearly two million individual observations. 

The principal sources tcota which the general collection of results 
has been derived, may be enumerated as follows: LiOOqIc 
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1. The registers of the Smithaoniaa Institatioo, embracing upward 
of three hondred lar^ folio Toltimes. 

2. The pablicatioDS of the Institution, Patent^Offlce, Department of 
Agricoltare, and pablic docaments. 

3. All the pablished and nnpablished records of the United States 
Army, United States Lake Surrey, and United States Coast Surrey. 

i. The large Tolame compiled by Dr. Hongh, from the obserratioDS ' 
made in connection with the New Tork University system, the records I 
made in connection with the Frtuildin Institute, and those obtained ' 
from numerous observatories and other scientific institutions. 

6. The immense collection of printed slips, pamphlets, mannscripts, 
&C., in the possession of the Smithsonian Institntion. 

The work has been somewhat retarded by the collection and tabula- 
tion of the rain-fall, to the end of 1870 for the Smithsonian stations, 
and to the end of 1871 for the United States military posts. 

Beside the discosdon of the observations on temperature, rain, and 
wind, there remain those relative to the pressure of the atmosphere, and 
its humidity ; aiao those which are classed under the head of casual 
phenomena, snch as thunder-storms, tornadoes, auroras, meteors, early 
and late ftasta, progress of vegetation, opening and closing of nvers, &c. 
These will be put in band as soon as the funds of the Institution which 
can be devoted to meteorology will permit the requisite ezpenditare. 

Explorationt and collections. — As in previous reports, it is proper to 
make a distinction between the collections of the Institntion and the 
specimens exhibited in the pablic museum. The former ore coIlect«d 
as a part of the operations of the Institution, to advance science and 
promote general education ; they are usually in great numbers, includ- 
ing many duplicates of the same species. A type specimen of each 
species tmd variety is deposited in the Katiooal Museum. The remain- 
der are reserved for distribntioii to foreign establishments, and to 
societies, colleges, and academies in this country, after they have been 
submitted to scientific investigation and duly assorted and labeled. 

At the last session of Congress an appropriation was made of $12,000 
for the continuance of an exploration of the region of the Colorado of 
the West and its tributaries, by Professor J. W. Powell, to be expended 
under the direction of the Smithsonian Institution. The region here 
mentioned is one of the most interesting in a geological point of view 
of almost any in this or any other country- The Colorado of the West 
and its tributaries traverse chasms in some places over a mile below the 
general surface of the country, and present in different places at one 
view sections of the principal members of the known geological for- 
mations of the contiueut of North America. The region surveyed 
lies between the 35th and 39th parallels of latitude, and the lOdth 
and 115th meridians of west longitude. It includes the headwaters 
of the Uintah, the Price, the San Bafael, the Paira, the Eanab, and the 
Virgin Bivers, the lower portion of the Grand, and a part of the 
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Oolorodo. Id the year 1870 a geaeTiil leconnaissaiice of tbe coantry 
had been made, aod several roatea throngli it explored from Salt Lake 
City to the Green and Colorado Bivers, and depoeitariee of supplies estab- 
lished. The operationa of Professor Powell and party under bia com- 
mand in 1871, consisted, first, in an exploration of the Gteea Biver from 
the point where it is crossed by the tracfa of the Union Faciflc Bailway 
to its jnnction with the Grand, or where the anion of these rivers forma 
the Colorado of the West, and the exploration of this to the month of 
tike Paiia; second, the establishment of a base-line in the valley of tbe 
Eaoab, from wbitA a system of triangles was extended westward to the 
valley of tbe Virgin Biver, sontbward and eastward to tbe Colorado, 
and northward to tiie Paira ; third, a geological snrvey of the region, 
and the c<rilection of a aeries of specimens of gecdogy and mineralogy ; 
fourth, an ethnological study of Uie Indians of the region, including 
their mythology, manners and customs, means of subsistence, language, 
&C., together with a full collection of all their implements and articles of 
nuura&ctnre. The explorations and surreys of Professor Powell have 
furnished additions to our knowledgeof a portion of onr public domain 
previously bntveryimperfectlyknowD,which,togetlierwith the extensive 
series of spedmens wbidk he has added to the collections of the lustitn- 
tion and the National Museum, full; repay the appropriation which was 
made ftom tbe national Treasury on this account. I have certified to 
this effect to Congress, and respectftUIy commend the application of 
Professor Powell for an additional t^propriatiou to complete tbe survey. 
Tbe sieged decrease of tbe food-fishes of the coast and lakes of the 
1Tnit«d States led to tbe passage of a law at the last session of Con- 
gress, directing the President to appoint a commissioner of fish and fish- 
eries, for the purpose of making inquiries upon the snbject. Professor 
Baird, assistant secretary of this iDstitntion, whose attention has been 
directed for some time both to the scientific and economical relation- 
ships of the fishes, received the appointment, and proceeded in June 
last tQ Wood's Hole, a convenient point on the Massachusetts coast, 
from which to proaecate bis inquiries. With the aid of an appropria- 
tion flrom Congress, and facilities afforded by various departments of 
the Government, he was enabled to carry on an extended research 
during a period of several months. In this work be bad the special 
co-operation of Professors YeiriU and Smith, of Yale College, in the 
investigation of the invertebrate fauna of the coast in its relation to tbe 
food-fisbes ; of Professor Gill, of Washington, in tbe stndy of fishes 
themselves; and of Professor Hyatt, of tbe Boston Society of Natural 
History, Professor Jenks, of Middleborongb, Dr. A. S. Packard, jr., of 
Stdem, and W. G. Farlow, of Cambridge, in other branches of the 
investigation. Among other gentlemen interested in the researches, who 
visited Wood's Hole during the season, were Professor L. Agaasiz, Pro- 
fessor J. Gwyn JefFreys, of England, Colonel Lyman, Professor D. C. 
Eaton, Professor W.H. Brewer, Professor J.H.Trumbull, aod Professor 
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W. D. Whitney. With this corps of helpers it was quite possible to 
make a very Uiorongh exploration of everytbiog connected with the 
general economical and natural history of the fanua of the waters on 
the BOathem coast of !New England; and while Professor Baird and 
some of his party were engaged in visiting different parts of tbecoast and 
taking testimony as to the actual condition of the fisheries, others of the 
party were occupied in trawling, dredging, and in otherwise collecting 
the varions inhabitants of the sea. 

A large amonnt of information was gathered which will have an impor- 
tant bearing apouthe objects of the commission, and of which Professor 
Baird will present a report in fall to Congress atan early date.. The inquir- 
ies include namerons observations in regard to currents, temperatnreB, 
distribution of life atdiffereut depths, &c. The collections made during 
the exploration were very extensive, embracing a fall series of all the 
fishes of the coast, as well as of the invertebrates, from which seta will 
be made op for distribution by the Institution. Among other results of 
the expedition should be mentioned a series of nearly three hundred 
photographs of a large size, representing all the fishes found, in their 
varioQS stages of growth, the whole constituting an almost oniqne col- 
lection of portraits, and especially important as relating to the larger 
fishes, like the sharks, rays, sturgeons, tunnys, sword-fish, &c. 

Dr. Hayden, in the prosecution of his researches aa United States 
geologist for the Territories, gathered very large collections of miner- 
als, skins of mammals and birds, eggs, &c., filling forty-five boxes, 
illustrative of the nataral history of Montana, and of the region about 
the head-waters of the Xellowstoue, a report of which be has presented 
to the Secretary of the Interior. This exploration has excited a great 
degree of interest on account of the wonderful series of geysers and 
remarkable scenery, of which it has furnished an aathentic description. 
Indeed such has been the interest manifested in the Yellowstone dis- 
trict that a proposition, originally made by Mr. Catlin as early as 1833, 
has been revived and presented to Congress, to reserve the country 
around these geysers as a public park. It is thought this proposition 
will be adopted by the Government ; and if so, we doubt not that in 
time the Yellowstone region will become a favorite resort for travelers 
from every part of the world. 

After reserving a fall set of the specimens for the National Museum 
the duplicates of Hayden^s collections will be made up into sets for dis* 
tribution. 

Among the persons to whom the obligations of the Institution are 
particularly due for the magnitude and variety of contribution of speci- 
mens we shoold mention Mrs. John M. McMinn. She gave the 
valuable herbarium described in the last report, and has since pre- 
sented the entire collection of objects of natural history belonging to 
her late hnsbaud, who was for many years a correspondent of the In- 
stitution. This gentleman bad accumalated large numbers of minerals, 
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fossils, plants, &c., which filled twenty-six boxes, and were pVeseated 
to the Institution to be used as it might deem beat for the interest of 
svieoce. Many of the specimens are duplicates, but are valuable as 
material for distribution. 

To Mr. George A. Boaidman the Institution is indebted for extensive 
collections of birds and skeletons from Florida, and also three complete 
skeletons of the moose from Nova Scotia. 

To his son, Mr. Charles A. Boardman, and to Mr. S. W. Smith we 
owe acknowledgments for fine specimeus of the moose and caribou. , 

Dr. Yarrow, assistant sui^eon United States Army, Fort Macon, 
North Carolina, has sent a large collection of skalls aod skeletons of 
the porpoises of the southern coast, as well as many Indian relics, 
fishes, shells, &c. 

From Professor Samicbrast we have received additional collections of 
birds, reptiles, &c., illnstrative of the natural history of Tehuantepec 
The name of this gentleman has frequently been mentioned in previous 
t^iorts as a large contributor to the Smithsonian CoUections. 

Captain Charles Bryant, in charge of the fur-seal islands of Alaska, 
has contributed full series of skius, skulls, and skeletons of seals, 
walrus, &C., abounding in that region. 

To the Army Medical Museum the Institution is indebted, as hereto- 
fore, for nameroos specimens in ethnology and natural history, in ac- 
cordance with an arrangement made several years ago, by which, in 
consideration of the transfer to it trom the Institution of human crania, 
all otiier objects of an anthropological character received by that mn- 
senm were to be placed in the Smithsonian Collection. 

Some interestiog specimens have also been received from the Depart- 
ment of Agriculture under a similar arrangement of exchange. 

Dr. Bestmges has contributed the skeleton of a sloth, and Mr, Henry 
Hague tliat of a Guatemalan tapir ; Professor Poey a skeleton, and Dr. 
Gundlach a specimen in alcohol of solenodon, a rare insectivorous 
mammal of Cuba; Mr. Hemberg and Colonel Gibson, skeletons of 
buffalo ; Mr. Isaac H. Taylor, of Boston, crania of South African mam- 
mals ; Captain Scammou, of the United States revenue-service, skulls 
of whales and other cetaceans. 

Although but few birds have beeu received, some valuable specimens 
from Yeragaa were contributed by Mr. Salvin ; from Brazil, by Mr. 
Albuquerque ; from Buenos Ayres, from tbe national museum under the 
charge of Professor Banmeister; from Labrador, from C. G. Brewster. 

Mr. Strachan Jones has furnished a number of eggs from the Lower 
Slave Lake, and Mr. Charles B. Bree specimens of eggs of the Larus 
geUuUt from Turkey. 

The reptiles received have been priucipally specimens gathered by 
the naturalists of the Tehuantepec and Darien expedition. 

Fine specimens of the celebrated Eozoon caiiaderue have beeu re- 
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ceived from Mr. E. Billings, of Canada, and Dr. Josiah Gortis, of 
Chelmsford, Massachosetts. 

Mr. Brittan has contribated PenniaD fossils from Kansas ; Mr, TT. P. 
Jamea, a eeries of Ohio Lower Silurian fossils ; Mr. S. A. Miller, fossils 
from Ohio, and a fossil tree-trank of the geons Paaroniua; Mr. U. M. 
Shafer, Lower Silarian fossils. 

Specimens of woods have been presented by Mr. George Davidson, of 
the Coast Survey ; of birds, reptiles, and flshes, Arom Illiaois, by Mr. B. 
Kidgeway ; flshes, reptiles, and Tertebrates, by W. H. Clarke, of the 
Tebnantepec expedition. 

As nsual, the amount of material received irom the Old World ismnoh 
less than that from oar own continent, the most noteworthy being a col- 
lection of specim ens in alcohol, presented by the museum of Bergen, in 
Norway. 

Mr. Knudsen has sent a collection of hnman crania from the Sand- 
wich Islands. The mnseum of WellingtoD, Kew Zealand, under the 
charge of Dr. Hector, has presented casts of the eggs of the JMnomig 
and Apteryx, with casts of bones of the former animal, and various 
ethnological objects. 

To Mr. Genio Scott, and to Messrs. Middleton & Carman, of Kew 
York, the lostitntion is indebted for specimens of Cybium caballa, or 
Ccro, a food-flsh bat lately indicated as occoiring on our coast. The 
museum at Bergen has also supplied a number of fiebes peculiar to the 
coast of Norway. 

Alt the specimens of ethnology and Datnral history, not at present on 
exhibition in the public moseum, are now stored in the west basement, 
and the various operations connected with onpacking, labeling, clean- 
ing, assorting, poisoning, etc., have been transferred to that part of the 
bailding. The necessity of making this transfer in a limited space of 
time involved considerable derangement of the specimens, and much time 
has been occupied during the fall and winter in re-arranging them. This 
work, however, is in great measure accomplished; and Professor 
Baird, with assistants, is now occupied in assorting and classifyiug the 
material for the purpose of selecting duplicates to be distributed for the 
advance of science. Avery extensive distribution of specimens has been 
made daring the year, partly in the way of giving general series for 
edacatiooal purposes to colleges, academies, and scientific institutions, 
and partly in the way of exchanges with the principal mnsenmsathome 
and abroad. The amount of work done in the distribution of s| 
wilt be shown in the following table : 
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As heretofore, a great amount of labor has been expended in cata- 
logning the specimens received, their eanmeration having been carried 
forward from 164,700 to 169,750, the increase representing aboat the 
average of the last ten years. 

As in previons years, tiie collections of the Institution have been placed 
freely at the service of naturalists in this country and Europe, and large 
nnmbers of specimens are now in the hands of collaborators. Among 
these may be mentioned Dr. Elliott Cones, assistant surgeon, United 
States Army, who has undertaken a critical revision of a special fanoily 
of Rodents of North America. This group is very extensive, embracing 
□ameroQS genera and species differing entirely from the correspondiDg 
families in the Old World. The large amount of material we have placed 
ia the hands of Dr. Goues wilt enable him to solve many interesting 
qaestioDB as to the geographical distribntion and zoological affinities of 
the family in question. Dr. Cones' memoir ou this group will be pub- 
lished by the InstitatioD, and series of type specimens will be distribated 
to other museums. To Professor Cope have been intmsted, as before, 
the collections of reptiles, and other material has been furnished to 
I'rofessor Leidy, Professor Marsh, Professor Agassiz, Dr. Stimpson, and 
others. Type specimens of American birds have been sent to Messrs. 
Sclater, Salvin, and Dresser, of London, for use by them in the prepa- 
ration of descriptive works. 
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In accordaace wiUi the same policy a few years ago the alcoholic in- 
vertebrates were intrasted to Dr. Stimpson of the Chicago Academy 
of Sciences for etndy and distribation Into sets of duplicates. Unfor- 
tunately, however, this collection, altbongh deposited in a building 
supposed to be fire-proof, was destroyed in the disastrous fire of 1871. 
The misfortune was not alone confined to the loss of the specimens, 
but included also the results of years of labor of Dr. Stimpson, the 
great object of his scientific life, tbe publication of which was looked 
forward to with interest by all engaged in tbe study of natural history. 

The ethnological specimens collected by the Institution to illustrate 
the arts, manners, and customs of the present Indians and the more 
ancient inhabitants of the American continent, are unsurpassed in 
number and variety, and are constantly increased by special efforts 
in the way of correspondence and small appropriations for explorations. 
The greatest additions to the collections received during tbe past year 
have been in this department, an account of some of tbe more imi>ortant 
of which will be of interest 

From Captain C. F. Hall, the intrepid explorer, now, we trust, success- 
fully prosecuting his researches in northern Greenland, we have received 
the entire series of relics of Sir John Frankliu, obtained by Gaptaiu 
Hall during his last visit to the north, as also the relics of the Fro- 
bisher expedition, which wintered on Frobisher Bay several hundred 
years ago. To these were added a number of specimens illustratiTe of 
the habits and manners of the Esquimaux, and showing their relation- 
ship to, as well as their differences Irom, a corresponding series belong- 
ing to the Esquimaux of the Mackenzie's Biver region, furnished to tbe 
Institution by Mr. K. McFarlane and some of bis colleagues of the Hod- 
son's Bay service. 

From the northwest coast of :North America specimens have been 
furnished by Mr. George Gibbs, illustrating many points in the ethnol- 
ogy of the savage tribes ; and specimens of dresses from Mr. Jos. T. 
Dyer. 

Lieutenant Bing has sent specimens obtained £rom graves in Alaska 
and in British Columbia. Dr. Yat«3, of California, has added to his 
previous donations large Indian mortars and the crania obtained from 
sundry mounds. 

Dr. Palmer collected for the Institutioo a very interesting series of 
stone implements from ancient ruins in Arizona, and M^or Powell has 
furnished a full series of the implements, nteosUs, dresses, &c, of the 
Indians of the valley of the Colorado. Dr. Irwin, of the Army, has 
also added to this series. 

From Colorado Territory we have specimens from Dr. Berthoud, indi- 
cating, ia his opinion, an antiquity of the human race in that region 
far beyond that usually ascribed to it. 

Additions from Xew Mexico are represented by specimens of blankets 
and other manufactures of the Navajo Indians; as also by a loom contain- 
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ing a part of an utifiiiiHbed lilauket, showing the mode of weaving, 
presented by Governor Aruy. 

A series of bone implements of remarliable character, and different 
from any we had previously possessed, together with other interesting ' 
objects from ancient graves iu Michigan, have been presented by Dr. 
Irwin. 

Mr. Andrews has contributed stone implements and other objects 
from Tennessee ; Mr. J. Fisher, very interesting copper implements, and 
Mr. Fet«r, stone objects fmm Kentucky. Rev. 1>. Thompson and Mr. 
Clark have fnmished stone implements from Ohio. Mr. Uotcbkiss, of 
Iionisiana, has furnished a remarkable series of stone lances and knives, 
some of tliem being of very great length and of beautiful finish. Mr. 
Keeuan, of Mississippi, has supplied a variety of Indian implements. 

From Georgia we have an extensive collection made by the late Col- 
onel Flo.yd, and kindly presented by his heirs through the mediation of 
Colonel McAdoo; and from Messrs. W. and A. F. McKtnley, a general 
ethnological collection of great value. The accessions from Florida are 
quite numerous, but the most important consist of a series of imple- 
ments and crania from the monads near Sarasota, presented by Mr. J. 
G. Webb. Among these are broken fragments of skulls, completely 
silicified, and quite unique iu this respect. Rev, J. Fowler, of New 
Brunswick, has supplied a valuable collection gathered iu his vicinity. 
From Mexico we have received a collection of ancient vases of remark- 
able beauty, deimsited by Mrs. General Alfred Gibbs ; and another col- 
lection of a similar character, presented by the Nataral Ilistoiy Museum 
of Mexico ; as also some by Dr. Penafiel, one of its officers. 

Mr. Riottc has furnished an interesting scries of diminutive figures, 
dressed to represent the costumes of the aborigiues of Guatemala. 

Dr. Flint, of Nicaragua, has sent various specimens of ancient pottery 
obtained near Omatope, and similar articles have been recei^'ed from 
Dr. Van Patten, obtained iu Costa Bica. 

From Peru the most interesting accessions are two mummies from a 
burial-place at Aiica, accompanied by various articles, presented by 
Mr. Henry Meiggs, the well-known railway engineer of South America. 
From Brazil we have leceived a series of the bows and arrows used by 
the natives of that country, and presented by Mr. Albuquerque. 

Among the most important additions to the collections should be men- 
tioned a large number of Lacustrian implements from Switzerland, from 
Professor Fagenstecker, of Heidelberg, Mr. Messikomer, of Zurich, and 
Professor Rutimeyer, of Basle. The latter gentleman has also added an 
extensive series, properly identified and labeled, of the various kiuds of 
domestic animals used by the builders of the lake dwellings. 

An interesting coUectiou was present«d by Mr. di Cesuola, United 

States consul to Cyprus, embracing uumerous s|>ecimens of pottery 

obtained by him in his excavatidns in the sit« of the ancient Idulinm. 

Some of these are believed to be purely Phcenician in their xshiu^tcr, 
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and otbers of a later date, all of theni characterized by great beanty and 
size. 

One of the most iDterestiog additions to the department of ethnology 
is the cast of the Taois Atone, on which is a trilingual inscription re- 
cently obtained from somo excavations made at Tanis, on the eastern or 
Pelusiac branch of the Nile, and belonging to the museum of Egjp- 
tian antiquities at Cairo. Tlie original is a block six feet high, two and 
a half feet broad, and a foot thick, with the top arched. One side is 
occupied partly by hieroglyphic inscriptions, together with a Greek 
translation of the same, while a portion of the left side is occupied with an 
equivalent inscription in the Demotic charactor. This stone occnpiee a 
position in Egyptology similar to that of the " Eosetta stone," except 
that it ia much more perfect, and will probably aid much in deciphering 
the hieroglyphics. The cast was taken by the iustra mentality of Dr. 
Lansing for presentation to Moumouth College, Illinois, bnt at his re- 
quest and that of Mr. S. H. Scudder, and by permission of the authori- 
ties of that college, it was sent to the Institution to be copied. Unfor- 
tunately, it was very mucti broken in the transit, and required patient 
labor on the part of a skillful modeler to restore it to anything like its 
original condition. When tbis is accomplished a mold and casts will 
be taken, and the original sent to the college. In this connection v/e 
may mention that the inscriptions oa the scone have been carefully 
studied by Dr. G. Seyffarth, an eminent Egyptologist, who visited 
Washington for the purpose, and will present a paper on the subject to 
the Institution, for publication. 

Correspondence. — As we have said in previous reports, a very large 
amount of labor is devoted to correspondence. Beside those relating 
to the ordinary business of the establishment, hundreds of letters are 
received during the year containing inquiries on various subjects on 
which the writer desires information, and also many memoirs which are 
presented for publication. Among the former a large number are re- 
ceived from the five hundred meteorological observers who furnish, vol- 
untarily, records of the weather, and who require frequent explanation 
of special pbenoniena. Among the papers submitted for publication 
are a large number containing speculations in reference to science which 
in many instances exhibit great industry and profound tbonght on the 
part of their authors, but which, nevertheless, caunot be consideFed as 
positive additions to knowledge founded on original research, and which, 
therefore, in accordance with the rulesadopted by the Institution, can- 
not be accepted for publication. On account of the wide diffusion of 
elementary education in the United States, and the general taste for read- 
ing amongallclas8e8,tberc is no other part of the world, perhaps, in which 
there exists a greater diffusion of elementary scientific knowledge, and, 
perhaps, more activity of mind directed in the line of scientific thought. 
Much, however, of this, fi-om a want of proper triuniug, and the means 
of exi>eriment and observation to verity deductions/froiiL arnmrt con- 
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ceptioos, is unproductive of positive results. Tbe Institution does not dis- 
card antecedent speculations provided deductions from them are made in 
tbe form of new results wbicli are verified by actual phenomena. It is not 
eooagh that a new hypothesis may give a general explanation of a class 
of phenomena in order that it may be adopted ; it must do more than 
Ibis. It must point ont new facts and phenomena which can be readily 
exliibited by experiment or verified by observation. Such advances 
have been made in physical science within the last two hundred years 
that most of the phenomena which lie, as it were, on the face of nature, 
have been studied and referred to general principles. In order, there- 
fore, to mahe advances, in general physics, at least, apparatus, as well 
as training in tbe use of it, is essential to scientific research ; and as but 
few, comparatively, possess the advantages of these, it rarely happens 
that investigations of much importance result from the speculations of 
the kind we have mentioned. In the line of mathematics, however, 
vbich requires no extraneous aid, and of natural history, in the stndy 
of which objects are everywhere presented, results of importance may 
be derived from tlie labors of isolated individuals who have no other 
agsJBtance than books. 

As a means of adult education, it may he remarked that from the 
first the Institution has encouraged the establishment of lyceums and 
scientific associations in all parts of tbe country, and as the number of 
these has constantly increased, they have added to our correspondence, 
and much more largely during tbe past year than during any one in the 
biBtory of the Institution. 

Xiseellaneoua itema.-~In 1S63 Congress incorporated no association, 
QDder the name of tbeNiitioual Academy of Sciences, which should inves- 
tigate, examine, experiment, and report upon any subject of science or 
art on which information might be required by any department of Gov- 
eniment. Though this society was in no way connected with the Smith- 
Bonian Institution in its inception and organization, yet it is accommo- 
dated with rooms for its meetings in the Smithsonian building, and com- 
DiiDicatioDS which are adopted by it are accepted for publication by 
the Institntion. 

A series of scientific inquiries has been referred to this society by 
different departments of Government, and tbe investigations in regard 
to them have principally tieen made under direction of members of the 
academy in this Institution. The organization of tbe scientific depart- 
ment of the North Polar Expedition under Captain Hall was intrusted 
by Congress to the Nationiil Academy, and the procuring of tbe instru- 
ments and the organization of the scientific corps were princijtally 
eflected in connection with the Smithsonian Institution. A copy of 
the scientific instructions will be found in the appendix to this report. 

In the law organizing the Light-House Board it is declared that it 
shall consist of two ofiBcers of the Army of high grade, two offlcersof 
the Navy, and two civilians of scientific reputation, whose services 
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might 1>e at the disposal of the President of the United States, to- 
gether with aa officer of the Navy to act as naral setiretary, and an 
officer of the Corps of Kngineers of the Army, as eDgiueer secretary. 
From the commeiicement of the board to the present time, the mem- 
bers from civil life have been the Superintendent of the Coast Survey 
and the Secretary of the Smithsonian Institatiou. During the whole pe- 
riod I have occupied the position of chairmauof the committee on experi- 
ments, and have, n^ith the exception of the summer I was in Eurojie, 
devoted my vacations to investigations relative to lighting-materials, 
fog-signals, and other duties connected with the light-bonse service. In 
October, 1871, on the retirement of Admiral Shubrick and the ordering 
of Admiral Jenkins to the charge of the East India squadron, I, being the 
oldest member, was elected chairman of the board. For the discharge 
of the duties of this position, in addition to the time of my summer 
vacation, I have made arrangements for devoting one day in each week. 
It is proper to observe that roy office as a member of the Light-House 
Board, although one of much responsibility, and Co which I have, during 
the last eight«en years, devoted a large amount of labor, is accompanied 
with no salary, the expense of traveling and subsistence being defrayed 
by an allowance of ten c^its per mile. 

The services which have been rendered to the Government by the 
Institution from its commencement to the present time are deserving 
of recognition. They include not only those connected with the 
'National Academy, the Light-House Board, investigations now being 
carrieil on relative to fishes, the care of the Grovemment collections, 
tbeorganization of the natural history portions of the various exploring' 
expeditions, the series of investigations made during the war, but also an- 
swers to the constant applications from members of Congress for infor- 
mation on special subjects. In no case has the Secretary or hisassistants 
received any remuneration for labors thus performed. 

In this connection I may mention that on the occasion of my visit to 
Europe in the summer of 1870 I was honored by the President of the 
TTuited States with an appointment to represent this country at a meet- 
ing of an international commission, invited by the late Emperor of 
France, to consider the best means of multiplying copies for distribution 
of the original meter preserved in the archives of the government at 
Paris. Unfortunately, before the time of meeting arrived, in August, 
the Franco-German war commenced, preventing the attendance of a 
namber of commissioners who would otherwise have been present. 
On this account it was resolved to permanently adopt no dulluite 
proposition in regard to the meter, but merely to discuss the varioos 
questions which might be connected with the general subject. The 
commission remained in session from the 8tb to the 14th of August, 
and at^oumed to meet again at a more favorable season. 

The Institution has taken mnch interest in the historical phenomenon 
of the movement in Japan in regard to the adoption of western civilization. 
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A full set of the pnblicatiooa of the Institution lins been presputed to the 
University of Ye(lo,audarr[iD geiueDts made with it for obtaitiittgiueteuro- 
logical observations and specimens of arclixology and natural history, 
A special request was made by tbe lusUtutiou in behalf of the Jap- 
anese Minister, Mr. Mori, of tbe principal publishers of school-books in 
the United States for such of their publications on education as they 
Diight see fit to present for examination to the Japanese commission. 
Id response to this application acknowledgments are due, for libt^ral 
donatioDR, to tbe following publishers: D. Appleton & Co.; A. S. 
Barnes & Co.; Brewer & Tileston; E. II. Butler & Co.; Claxtou, 
Eemseu & Haffelfiuger; K. S. Davis & Co.; Eldredge & Bro.; W. 
S. Fortescue ; Harper Bros. ; Holt & Williams ; Qonghtou & Co. ; 
IriBon, Blaltemau, Taylor & Co.; J. B. Lippiucott & Co.; Henry C 
Lea; G. & C. Mernnm; Murphy & Co.; Oakley, Mason & Co.; J. W. 
Sehermerhom & Co. ; C. Scribuer & Co. j Sheldon & Co. ; Sower, Barnes 
& Potts; Thompson, Bigelow & Brown; University Publisbiug Com-' 
pany; Wilson, Uinkle & Co.; Woolworth, Ainswortb & Co. 

While tbe Smithsonian Institution occupies ground otherwise uncul- 
tivated, it has been its. policy from tbe beginiug to co-operate with all 
other institutions iu advancing science and promoting education. There 
toust always esist objects of importance for the promotion of which 
appropnationa cannot be immediately obtained from Congress, 
and which, without aid, eaunot be properly prosecuted. In England 
anch objects to a limited extent are assisted by funds derived from 
(he subscription list of members of the British Association, and by an 
aounal grant from the government to tbe Itoyal Society. These ajtpro- 
prialions, though producing important results, are far from being ade- 
quate to tbe solution of problems, the number and variety of which 
an constantly increasing. Wheu we consider the intimate connection 
of a knowledge of abstract science with modern civilizatiou, the ettecb 
vhicb it has bad in substituting the powers of nature for slave labor. In 
the discovery of lawsaknowledgeof which enables man topredict,andiu 
many cases to control, tbe future, it must be evident that nothing can 
Iwttermarktbe highiulelligenceof a people than tbe facilities wbicb they 
aGTordandthemeanstheyprovideforpromotinginvestigationitin this line. 
It is a matter of surprise, however, that su imperfectly is the import* 
ance of abstract science appreciated by tbe public generally, that un- 
less it be immediately applied to some practical purpose iu the aits it 
ia almost entirely disregarded. 

NATIONAL MUSBUU. 

An appropriation during tbe last two years has been made by Con- 
gress of $20,000 for the reconstruction of parts of tbe building destroyed 
by the fire, and tbe fitting up of rooms for tbe better aceommodatiou of 
the National 3Iuseam. This sum, together with about iii),000 from the 
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income of the SmUbsonian fund, has beeu devoted during tlie past year 
to this purpose. 

WitU a view to the ultimate separation of the operations of tlie 
Smithsonian lustitutiou from the National Museum, arraDgements have 
been made for appropriating the east wiug and range to the business 
which may be considered as belonging exclusively to the essential 
objects of the Institution, and devoting tbe main building, west wing, 
and towers to the museum. For this purpose the large room on tbe 
first Hoor of tbe east wiug, which was formerly used as a museum- 
laboratory and atore-room, has been fitted up with bins and conven- 
iences for assorting and packing the literary and scientific exchanges to 
be sent to foreign countries. Preparation has also been made for re- 
moving the chemical laboratory from tbe first floor of the east range to 
the space immediately below it in the basement, and for applying the 
whole of the first floor of this part of the building to the business offices 
of the Secretary and his assistnots in the line of what are called tlie 
active operations. 

For tbe special accommodation of the museum the large room in the 
west wing, ionnerly occupied by the librarj*, has been prepared for the 
reception of cases for mineralogical and geological specimens ; while the 
great ball, 200 feet hy 50, in the second story of the main building, has 
been completed and is now ready to receive the cases for the anthro- 
Xwlogical and other specimens. 

Estimates are now before Congress for fitting up these rooms with 
cases for the reception and display of the Government collections; and 
it is hoped that, in the next report, we shall be able to chronicle the com- 
mencement, if not the completion, of the work. 

The changes consequent upon the extension of the museum mentioned 
made a re-arrangement necessary of the greater part of the basement so 
as to obtain additional security against fire, and greater convenience for the 
storage of fuel, packing- boxes, and specimens. A floor was laid through 
the basement, and new passage-ways opened, furnishing better access 
from one extreme of the building to the other. In introducing the fire- 
proof floor into the west wing, advantage was taken of the opportunity 
to increase tbe height of the room below it, and to convert it and the 
adjoining rooms in the west range into laboratories and store-rooms for 
natural history. 

Furthermore, for better secnrity, tbe flreproofing of the floors of the 
four towers on tbe corners of the main building has been commenced. 
Tbe rooms in tbe towers furnish studies and dormitories for the inves- 
tigators in the line of natural history who resort to the Institution, 
especially during tbe winter, to enjoy the use of the Ubrary and tbe 
collections for special researches. 

The Norman style of architecture adopted for the Smithsonian hoild- 
iug produces a picturesque effect, and, on this account, the edifice has 
heen much admired. It is, however, as I hive .frequeutly before 
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remarked, ooe of the most expeDsire buildings in proportion to its in* 
tenor capacity which could have well been devised; expensive not only 
in itJ4 first construction, but also iii the repairs wfaich are continually 
required to protect it tjom the influence of the weather, which is obvi- 
ODS when the number of projections, towers, and exposed angles is 
coD»idered, 

The building, which ti'om the first has been a drain on the Smithson 
liiDdM, still requires au appropriation for heating- apparatus, and for 
annual repairs, which, in justice to the bequest, we trust will be provided 
by Congress. 

For de&aying the expenses of the care and exhibition of the Kational 
Museum, Congress has annually, for the last two years, appropriated 
$10,000. Although this appropriation was more than double that oi 
previous years, still it fell short of tbe actual expeuditure. The amount 
of items chargeable to tbe museum during the pa»t year, independent 
of the rent which might have been charged for the rooms occupied, or 
for repairs of the building, was a little more than (13,000. Deducting 
tiom this sum the $10,000 ai>propriated by Congress, and there re- 
remains $3,000, which was paid from tbe income of the Smithson fund. 
A statement of this deficiency has been presented to Congress, and 
we trust that tbe sum of $15,000 will be appropriated for the same 
purpose for tbe ensuing fiscal year, 

By the completion of the large room in tbe second story and the 
"Impropriation of tbe west wing and connecting range to the same pur- 
pose, the space allotted to tbe museum in the Smithson building has 
been increased to about threefold. It is proposed, as was stated in tbe 
tsist report, to devote the room in the west wing to specimens of geology 
and mineralogy, and the large room in the second story to specimens of 
arcbieology and paleontology. As preparatory to the fitting up of 
these rooms, a series of designs has been prepared at the expense of 
tlie Institution by B. Waterbouse Hawkins, the well-known restorer of 
the ancient animals which illustrate the palaeontology of the Sydenham 
Palace, near London. 

A commencement has also been made in the furnishing of the large 
room with casts of some of the larger extinct animals. 

The cast of a skeleton of ttie Megatherium eucieri, generously pre- 
sented by Professor II. A, Ward, of Eochester, has been set np in the 
middle of tbe room. This gigantic fossil was first made known to 
tbe scientific world in 1789. It was discovered on tbe banks of the 
river Luxan, near the city of Buenos Ayres, and was subsequently 
transmitted to Madrid. The original bones, of which this specimen is 
a copy, were fonnd in tbe same Fampean deposit, between the years 
1S31 and 183S, and belong partly to tbe Hunteriau Musenm of the Royal' 
College of Surgeons, and partly to the British Museum. Cuvier, who gave- 
it its geiteric title, thought it combined the chaiacter of the sloth, 
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ant-eater, and armadillo. Professor Owen has, however, shown that the I 
Megatherium waa a " ground-sloth," feeding on the foliage of trees, 
which it uprooted by its great strength. The extreme length of the 
monuted skeleton is 17 feet ; its height from the pedestal to the top 
of the spinons process of the first dorsal vertebra is 10 feet 6 inches. 
The length of the skull is 30 inches; the circumference of the skeleton 
at the eighth rib is 11 feet. 

Also in association with the Megatherium a cast has been placed in the 
same room of the Colosaochelya atlas, a gigantic tortoise, a restoration 
from fragments discovered in the Miocene strata of the Sewalik Hills, 
India, and now in the museum of the Asiatic Society of Bengal. It is 
8 feet 2 inches in length by 5 feet 10 in width. , 

In addition to this, ttere has been set up a cast of the Olyptodati, » | 
representative in Pleistocene times of the armadillos of South Amer- 
ica, the original of which was found in 1846, near Montevideo, on the 
banks of the Luxan. It was presented by order of the Dictator Eosas 
to Vice- Admiral Dupolet, who gave it to the museum of bis native city, 
Dijon, France, where it is still preserved. 

The two last-mentioned specimens were purchased firom Professor 
Ward. 

The basis of the national museum is the collection of specimens 
of the United States exploring expedition under Captain, now Ad- 
miral, Wilkes, originally deposited in the Patent Office. It was trans- 
ferred to the Institution lu 1858, and since then has been very much 
increased by the type specimens from upwanl of fifty subse- 
quent expeditious of the General Government, and contributions re- 
sulting from the operatious of the institution. The character of the 
museum will be properly exhibited for the first time after the various 
articles are displayed in the new rooms now iu preparation for their 
reception. The museum is especially rich in specimens to illustrate 
the subject of anthropology ; and it is proposed to bring these as far as 
imssible together iu the new room in the second story, and to arrange 
them so as to exhibit their connection and to illustrate the gradual pro- 
gress of the development of the arts of civilized life. 

At present a portion of the large room in the second story is nsed 
for the exhibition of the cartoons or original sketches made by the cel- 
ebrated Indian traveler and explorer Mr. George Catlin. The object 
of this exhibition is to induce the Government to purchase the whole 
collection of Indian paintings, including sketches and portraits, the re- 
sult of the labors of upward of forty years of this enthusiastic and 
indefatigable student of Indian life. The entire collection, which com- 
prises about twelve hundred paintings and sketches, was offered by jSI r. 
Catlin to the Government in 1S4G, and its purcliiiso was advocated by 
Mr. Webster, Mr. Poinsett, General Cass, aud other statesmen, as well 
as by the principal artists and scholars of the country. A rejiort 
recommending its purchase was made by the Joint Gommitt^ on the 
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Library of Congress, but, owing to the absorption of public attcntiou 
by the Mexican war, no appropriation wa» made for the purpose. 
Mr. Catlin made no further efforts at the time, but exhibited his 
pictures in Europe, where, on account of an unfortunate speculation 
into which be was led in London, claims were brought against them 
which be bad not the means to satisfy. At this crisis, fortunately, Mr. 
Joseph Harrison, of Philadelphia, a gentleman of wealth and patriot- 
ism, desiring to save tbe collection for our country, advanced the means 
for paying off the claims against the pictures and shipped them to Phil- 
adelphia, whei'e they have since remained nnredeemed. Mr. Catlin, 
however, retained possession of the cartoons, and has since enriched 
tUem with a large number of illustrations of tbe ethnology of South 
America. Whatever may be thought of these paintings from an 
artistic poiut of view, they are certainly of great value as faithful 
representations of the person, features, manners, customs, implements, 
superstitions, festivals, and everytbiug which relates to the ethno- 
li^cal characteristics of the primitive inhabitants of our country. "We 
think that there is a general pnblic sentiment in favor of granting 
tbe tooderate appropriation asked fur by Mr. Catlin, and we trust that 
Congress will not fail at the next session to act in accordance with this 
feeUng, It is tbe only general collection of the kind in existeuce, and 
any one who has given thought to tbe subject cannot but sympathize 
vith Mr. Catlin, who, in his old age and after a life of bard labor and 
the devotion of all that he possessed in the world to its formation, is 
uow anxious to obtaiu the means to redeem tbe portion of his collection 
retained as security for the payment of claims against him, for the 
meaiie to enable him to fiuish tbe sketches that are still incomplete, 
and to secure the whole from dispersion through their purchase by the 
tiovernmeut. 

Respectfully submitted. 

JOSEPH HENRY. 

Washington, January, 1872. 
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ADDITIONS TO THE C0IXECTI0N8. 



ADDITIONS TO THE COLLECTIONS OF THE SMITHSONIAN 
INSTITUTION IN 1871. 

Agricultural Department. — (See Mecbling.) 

Albuquerque, F., Bio Orande do Sal, Brazil. — Bow and arrows of 
South American Indians. 

AUarA, C. T., Parfdnaon'a Landing, Illinoia. — Micaceous slate and 
topper pyrites, Illinois. 

Alvarado, Sr. Don. J. J. — Specimen of stalactite, from Costa Rica, 

Andrew, 0., Knoxville, Tennessee. — Indian relics and shells, from Ten- 
lessee. 

Army Medical Museum, Washington, D. C. — Ethnological specimens 
^m Arizona and Colorado. (See also Irn in, Dr. B. J. D. ; Weeds, Dr. 
I. F. ; Otis, Dr. G. A. ; and White, Dr. C. B.) 

Amy, Hon. W. M .F. — Ethnological specimens, firom New Mexico, 

Baird, Professor S. j-. — Forty-seven boxes general collections, Wood's 
Bole, Massachnsetts. 

Baird, Mrs. S. F., Washington, D. C. — Fire-bag of Indians of Hudson 
Buy Territory ; skeleton of domestic turkey, Washington, D. C. 

Beardslee, Com. I. A. — Young flying-fishes in alcohol, Atlantic Ocean. 

Bergen Museum, Bergen, Norway, — Box of natural history collections. 

Bcrthoud, E. L., Golden City, Colorado. — Indian relics &c,, from Crow 
Cre«k, Colorado. 

Billings, E., Montreal, Canada. — Specimens of Eozoon canadense and 
cast of trilohite, from Canada. 

Bland, Thomas, ^eic York.— Box of shells. 

Bliss, B. K. & Co., Xew York. — Palmetto fiber, from South Carolina. 

Boardman, 6. A., Calais, Maine. — Specimens of birds, fishes, and skel- 
etons, from Florida ; skeletons of moose, from Maine. 

Boardman Charles A., and 8. W. Smith. — Skin of moose, from 
JTova Seotia. 

Bree, Dr. C. R. — Eggs of Larus gelastes, from Eustridge Turkey. 

Breirster, C. 0., Boston, Massachusetts. — Specimens of birds. 

Brittan, H., Thayer, Kansas. — Bos of Permian fossils. 

Bryant, Captain Charles. — Skulls, skeletons, and skins of fur-seal, and 
valras, and one box dried plants, from Saint Paul Island, Bebring Sea. 

Bttrr, C. S., Alliance, Ohio. — Box of fossil plants. 

Burroughs, John, Washington, D. C. — yestandeggofDendroicacoerules- 
tens, from Delaware County, New York. , 

Burrows, Mrs. — German bom, and small shoes made at Saint Helena. 

Butcher, M., Prince Edward Island. — Stone axe. (Sent through Eev. 
J. Fowler.) 

Carpenter, Dr. P. P. — Box of shells from west coast of North America. 

Carpenter, W L., Mill Creek, Wyoming Territory. — Larva of insect 
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Cesnola, General X. P. di, United States Consul. — Ancieut PhoenicUii 
pottery, from the site of the ancient Idalium, Island of Cypras. 

Chalmers, B., Konchibougonach, JVetc Bruntmck. — Anrow-heads. (Sen 
by Rev. J. Fowler.) 

Ckoate, Isaac B., Qorkam, Maine. — Specimens of miuerals, SQcieui 
pottery and arrow-heads, &c. 

Ckriit, R. If^azarcth, Pennsylvania. — Birds' eggs, from varioas localities 

Clarice, John, Btncling Green, Ohio. — Indian stone relics from Ohio. 

Clarice, W. S., Washington, D, C. — Alcoholic collections of fishes 
reptiles, and inrertebrates from the Isthmus of Darien. 

Clougk, A., Fort Reynolds, Colorado. — Box of specimens of natnra 
history from Colorado. 

Colonial Museum, WellingUm, 2few Zealand, [Dr. J. Hector.) — Casts oi 
eggs of Dinomis and Apteryx, and ethnological specimens. 

Constable, Major A. G. — Skeleton of mouse. 

Cortelyou, J. Gardner, Somerset County, New Jersey. — ludiao stODC 
implements. 

Coues, Dr. Elliott, United States Army. — Four specimens of albinc 
bii-ds. 

Crane, E. H., Burr Oak, Michigan. — Insects and small batrachian. 

Curtis, Dr. Joseph. — Oolite from Florida, and Eozoon canadense in 
chelmsfordite, Chelmsford, Massachusetts. 

Curtis, Rev. M. A., Millsborough, North Carolina. — Specimen of Meiuh 
poma alleghaniejKC. 

Darling, Major, United States Army. — Specimen of pedunculated cir- 
tbiped in alcohol. 

Davidson, Professor George. — Specimens of noods from Alaska. 

De Caetro, Diego. — Specimen of six-legged cat. 

Destruge, A., Guayaquil, Ecuador. — Skeleton of Bradypus tridactylus. 

Dickinson, E., Springfield, JfajsacAtwetts.—Birds' eggs from Springfield, 
Massachusetts. 

Doane, Lieutenant 0. €., United States Army. — Box of minerals, &c., 
from Yellowstone Lake, ^Montana Territory. 

Dodge, General. — Specimen of oolitic hmestone, Oxford, Tama County, 
Iowa. 

Dodge, S. C, Chattanooga, Tennessee. — Stone axe from Lookout Mount- 
ain, Tennessee. 

Dodt, Colonel ffcknus, {through Dr. E, Palmer.) — "Helma," or work- 
bag of Mohave Indians, Arizona, 

Driver, O. W., Washington, D. C. — Specimen of Eeheneis from Lower 
Potomac 

Dunn, A., Salmon River, Xeu) Brunswick. — Stone axe and chisel. (Sent 
through Rev, J. Fowler.) 

Dyer, Joseph T., Washington, D. C. — Ethnological specimens, dresses, 
&.K., Alaska. 

Ely, J. W., Indian Bureau. — Minerals and photographs, Utah. 
C.OO'^lc 



ADDITIONS TO THE COLLECTIONS; 45 

Edmunds, Mrs, Geo. F., Wagkijigton, D. C. — Thirty-one specimens 
Topical bin! 8. 

Edtcardsy W. H., Coalburgk, West Virginia. — Box of bird-skina 

Emmet, Dr. T. A., JTew Tort. — Box of bird-sl^iDS from Central 
inittricii. 

Filer, 0. X., 2f^etc Harmony, Utah. — Indian stone arrow head. 

Fitkiam, Thomas, United States consul. — Book perforated by acts, 
iaiut Heleca. 

Fish, William C, East Harwich, Massachusetts. — Flint chips and 
irrow heads. 

Fisher, Professor D., United States Naval Academy. — Shells in alcohol 
roin Milwaukee, Wisconsin. 

Fislier, J., Lexington, Kentucky. — Ethnological specimens, copper and 
tone, ^m mounds near Lexington, Eentacky. 

Flint, Earl, Granada, Nicaragua. — Box of seeds and ethnological 
giecimens, Oinetepec Island, Nicaranga. 

Floyd, Oeneral T. C, Qeorgia, Heirs of. — Indian stone implements, &c. 

Ford, T. S., Columbia, Mississippi. — Stone hatchet from Mississippi. 

Fowler, Rev. J., Bass River, New Brunswick. — Indian relics and sheila 
rom Nova Scotia and New Branswick. 

Fuller, J. F., Salado, Texas. — Specimen of arrow-head from Texas. 

Furnas, R. W., BrownvUle, Nebraska. — Specimen of radiating fibrous 
typsnm. 

Gentry, J. P., Paducah, Kentucky, — Specimen of clay. 

GiNtons, J. S.j Lewes, Delaware. — Section of pine tmnk bored \>y 
«redo. 

QihSs, Mrs. Alfred, New York. — Ethnological specimens. (Deposited.) 

Qibbs, George, New York. — Box of Indian relics, California. Ethnolog- 
cal specimens from northwest coast. 

Gibson, Colonel 6., United sStates Army. — Skeleton of buffalo, Fort 
!Tayes, Kansas. 

Glatoo, J. M., Gilmer, Texas. — Specimens of Indian pottery. 

OoelUr, C. L., Milledgeville, Georgia. — Specimen of supposed tin ore, 
Jefferson Gonnty, Tennessee. 

Green, H. A., Atco, New Jersey. — Specimens of fossils and minerals 
from New Jersey. 

Qreen, H. N., Boston Station, Kentucky. — Wjeatbered fossils lh)Bi 
Kentucky. 

Greer, Colonel James, Dayton, Ohio. — Artesian borings, Indian 8toD« 
implements, and specimen of meteorite, from Ohio. 

Gundlach, Dr. J., Havana. — Specimen of Solenodon enhanus in alcohol. 

Gurley, William, DawBille, Illinois, — Box of fresh-water shells from 
Central Illinois. 

Hague, Henry. — Skeleton of tapir and box of natural history collec- 
tions from Guatemala. 

Hull, Captain C. F. — Collection of relics of Franklin and Probisher 
cxiH'ditioDS, and ethnological specimens t:om Arctic America. CiOO^Ic 
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Eaucocl; E. M., Waukon, loica. — Box of miaerals, fossils, and uatiirai 
liistary collections. 

. Hui/den, Dr. F. V. United Slates Oeologiat. — Extensive general collec 
tkms ill geology, etlinology, and natural liiatary, from tlie westeri 
Territories, (45 boxes.) 

Hopes, Dr. I. I., Philadelphia, Pennsylvania. — Bird-skins from Green 
laud. 

Heilijfbrodt, L., Attstin, Tea:a8. — Bird's eggs, and Indian arrow-heads 

Hemphill, H., Oakland, California. — Box of shells from California. 

Henry, Professor Joseph. — Diatoms, &c., from liot springs of Call 
fornia. 

Herthey, David, Spring Garden, Pennsylvania. — Prismatic quartz crys 
tal. 

Hilgert, Henry, Santa F6, New Mexico. — Nest of swallows from Albu 
querque. New Mexico. 

Hough, F. B., Ijowville, New Yorh. — Box of birds' nests and eggs fron 
Norttiern New York. 

Hotchkisa, J\fr., Shreveport, Louisiana. — Flint implements, pottery 
&c., from near Sbreveport. 

Huggins, Lieutenant. — Skeleton of Callorhintts ursinus, Alaska. 

Hurlburt, General S. A., United States minister to Neic Qranada. — Skint 
and skeletons of mountain tapir, Tolinia, New Granada. 

Irtcin, Dr. B. J. D., United States Army, Iktrt Wayne, AFichigan. — Boi 
of alcoholic vertebrates, Indian relies, &c., from Arizona. (Througt 
Army Medical Museum.) 

James, U. P., Cincinnati, OAto.— Lower Bilurian fossils, (46 si)ccies,j 
fh>m Ohio. 

Jeffreys, J. Owyn, London, England. — Bmchiopods from the Nortl 
Atlantic. 

Jones, Dr. Joseph, Hew Orleans, LouiHana. — Specimen of prepared 
wood. 

Jones, Straehan, Goderick, Canada. — Box of birds' nests and eggs froai 
Lesrter Slave Lake, Hudson Bay Territory. 

June, L. W., Wellington, Ohio. — Indian stone relics from Ohio. 

Keeruin, T. J. R., Brookharen, Missixst^i. — Two boxes ethnological 
and natural history specimens. 

Kidder, Dr. P., Leesburgk, Florida. — Specimens of pearl-bearing unios, 

Knudsen, Valdimar,Kanni,Haicaiiaii Islands. — Skulls of ancient Sand- 
wich Islanders. 

Lesher, W. T., Youngwomanstoten, Pennsylvania. — Indian arrowheads, 
&c. 

Lewis, Oeorge H, Atlantic City, ifontana Territory. — Fragment ol 
fossil turtle. 

Limpert, TV". J., Oroveporl, Ohio. — Specimen of Sphyropicus variut. 

Luce, Jason, West Tisbury, Massachttsetts.^Sf/ecimena of rare fishes 
from Martha's Vineyard. , - r 
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Macintosh, I., Welfard, A'eir BrumwicT;. — Arrow-heads. (Sent by Rev. 
J. Fowler.) 

Mactier, W. L,, Pkiladelpkia, PennsyleaHia. — Eggs of BuUmus Jueinas- 
toma. 

Mofptire, J. C, Washington^ D. C. — Indian slate hatchet. (Beposited.) 

Manzano, Dr. D. J., (through J>r, A. ScJiott.) — Hamao skull carved iu 
fossil wood irom Yucatan. 

Matheics, Dr. Washington, United States Army. — Eggs of Archibuteo 
ferrugiHeus, with head, wings, and feet of parent, from Dakota Territory. 

McAdoo, W. G. — Stone disc from East Tennessee. 

McCoy, John, Black River, New Brunswick. — Arrow-heads. (Sent by 
Eev. J. Fowler.) 

McKinley, W.andA. T., MillcdgeciUe, (Teorjria.— Box of flint iniplements 
and ancient pottery, Oconee River, Georgia. 

MeMinn, Mrs. J. — ^Twenty-six boxes geological, mineralogieal, and bo- 
tanical specimens, the collections of the late John M, McMinn. 

McHaaghton, R., Mumford, New York. — Calcareous tufa from Monroe 
Conaty, New York. 

MecJiling, Mrs. F. E. D., (through Agricultural Department.) — Speci- 
mens of reptiles, fishes, birds, &c., from Belize, British Honduras. 

Meiggs, Henry, Lima, Peru. — Two boxes Pemvian uiuuimies. 

Meigs, General M. C, Quartermaster General United States Army. — 
Skin of Phoca pealii, from Alaska, and Indian relics from Montana; 
niiuerals Galena, fluor spar, &c-) from Kosiclare, Illinois. 

Merriam, C. Hart, White Plains, Sew York. — Birds' eggs and nests 
from New York. 

Merritt,J. C.,Farmingdale,yeto York. — Arrow-heads from Longlsland, 
Sew York. 

Miller, F., West Farmington, Ohio. — Box of fossils. 

Miller, J. Imbrie. — Splinter of calcined wood, Oogun Camp, Central 
India. 

Miller, S. A., Cincinnati, Ohio. — Fossil wood. Lower Silurian fossils, 
and Indian relics fh>m Ohio. 

Morrison, E. H., Neicark, New Jersey. — South African birds' eggs. 

Munn, Dr. C. E., United States Army. — Package of diatoms from Fort 
Wadsworth, Dakota Territory. 

MuseotPublico, Buenos Ayres. — Bos of birds, mammals, &c., from the 
Argenline Republic. 

Sational Museum of Mexico. — Ancient pottery from Mexico. 

Orton, Professor Edward, Yellow Sjtriags, Ohio. — Box of fossils from 
Ohio. 

Otis, Dr. G. A., Army Medical Museum. — Painted scnpnia of Buffalo. 

Packard, Dr. A. S., Salem, Massachusetts. — Eggs of fish from Salem 
Harbor. 

Pagenstecker, Professor^ Heidelberg. — Box of Swiss pre-historic relics 
from Lake Dwellings. GoOqIc 
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Palmer, Br. E., WofSiington, D. C. — Seven boxes and one bale general 
collections from Arizona; two boxes skulls of cetaceans from Wetltlevt, 
Massachusetts. 

Peiiajiel, Dr. Antonio, City of Mexico. — Ancient pottery from Mexico. 

Pence, J. B., Frankfort, Indiana. — Meteoric dust from surface of snow. 

Peter, Dr. R., Lexington, Kentucky. — Indian stone reliirs from Kentucky. 

Petem, Henry, Neic Smyrna, Florida. — Eggs of Ortyx virginianas. 

Petton, W. T., X'etB York. — Creosotized wo«>d from Ifew York Creosotiz. 
iug Works, 157 Broadway. 

Poey, Professor Felipe, Havana. — Skeleton of Solenodon cubanm. 

PonrtaUs, Count L. F. De. — Series of bracbiopods from deep-sea 
dredgings in Gulf Stream. 

Potcelly Mr, Joseph, United States consul, Port Stonley.— Horn of wild ox 
from Falkland Islands. 

Powell, Major J. TT., Normal, Illinois. — Two boxes and one bale of TJte 
clothing and implements, Colorado. 

Kidgteay E. — Birds and reptiles from Mount Carmel, Illinois. 

Ring, Lieutenant F. M., United States Army. — Tiro boxes Indian relics 
from Alaska. 

Riotte, Sr, Pedro. — Twenty-seven dressed fignres made by Indians of 
Guatemala, and representing native costumes of that country. 

Rutimcyer, Professor. — Lacustrine antiquities, bones, &c., Switzeriaiid. 

Salt Lake Museum. — Two boxes minerals, fossils, and ethnological speci- 
mens, Utah. 

Salvin, 0., and Sclater, P. L., London. — Specimens of birds from Ve- 
ragna, Columbia. 

SartoriuSf Dr. 0., Huatasco, Mexico. — Box of specimens of natural his- 
tory ; bos of living plants from Mexico. 

Scammon, Captain C. M., United States Revenue Marine. — Nondescript 
baleen and parasites from cetaceans, North Pacific ; baleeu of butup- 
back ; skull and baleen of small whale from Puget Sound ; general col- 
lections from Northwest coast. 

Schenck, Dr. J,, Mount Cannel, Illinois. — Specimen of salamander from 
Southern Illinois. 

Schott, Dr. A., Qeorgeiown, D. C. — Two arrows of Papago Indians of 
Sonora. 

Schlucker, P. F., Baltimore. — Specimen of asbestos from Maryland. 

Sckuier, N., Panama, — Head of Peruvian mummy and specimens of 
ancient pottery from Peru. 

Scott, Oenio C, New York, — Fishes preserved iu ice. fCybium caballa.J 

Scroggins, 8. R., Baltimore, Maryland. — Specimens of fish. (Megalops 
thrisaoides.) 

Sears, Joseph C, East Dennis, Massachusetts. — Indian grooved stone 
pestle. 

Schaffcr, D. M., Cinctnnaii, Ohio. — Lower Silurian fossils from Ohio. 

Shirley, James, Welford, Kent County, New Brunswu^. — Stone chisel, 
(sent by Bev. James Fowler.) L lOO'jIc 
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Smith, H. R., San FraTtoUco, California. — SeeJ veesela of lily. 

^ear, ]>r., United States Canai survey of the Isthmus of Tekuantepee. — 
Ibree boxes of general collections, Tebnantepec. 

Squier, E. 0., Xem Tork. — Specimens of pottory from near Lima, Pera. 

Steams, R, E. C, Petaluma, California^ — Box of birds' nests and 
eggs, &C. 

Stephens, T. H., Jaeksdnville, Florida. — Skull of alligator and skina of 
gars, Florida. 

Sterling, Dr. E., Cleveland, Ohio. — Cast of roe of muskelonge from 
Sa^naw River, Michigan; casts of fresh-water flsb. 

Sternberg, C. M., Fort Marker, Kansas Skeleton of bnffalo. 

Snmichrast, Dr. F. — ^Two boxes natural history specimens from Mexico, 

laglor, George, Washington, D. C. — Head of Ehynehops nigra, Gai>6 
May, New Jersey. 

HtyiOT-, Isaac H., Boston, 3lassachusctts. — One bos skulls, South Afri- 
uu mammals. (Through G. S. Boardman.) 

Thompson, Rev. D., MUnersville, Ohio. — Bos of ethnological specimens, 
fossils, &e. 

Thompson, J. S., yew Bedford, Massachusetts. — Box containing three 
isb. 

TiltOTt, B. M., Ckilmaric, Masxachusetts. — Specimen of Blepharis, in 
alcohol. 

Treat, Mrs. M., Tineland, Sew Jersey. — Specimen of living ser{>eot. 

Turner, Lncian, Mount Carmel, Illinois. — Fisbeufrom Soatbern Illinois. 

Turner, Samuel, Mount Carmel, Illinois. — Birds from Wabash County, 
Illinois. 

University of Christiania. — Sparagmite from Norway. 

Viiiversity of Louisiana, Baton Rouge. — Two boxes of Indian stone 
rtlics. (Deposited.) 

i'are Fatten, Dr. — Ancient pottery from Costa Rica. 

Yaux, William S., Philadelphia. — Ethnological specimens, casts, &c. 

Verstenikoff, A., Saint Paul Island, Alaska Territory. — Skull of fox. 

Vortisch, Rev. L. — Ethnological specimens, Satow, Germany, 

Wallace, President D. A., Monmovth College, Illinois. — Cast of inscrip- 
tioQ faces .of the Tanis stone, received Irom Dr. Lansing, Alexandria, 
Kgjpt. ■ 

Wallace, John. — Specimen of mnsk-deer in the fesh; skull of giraffe. 

Ward, Professor U. A., Rochester, Kew York. — Casts of megatherium, 
glyptodon, and colossochelys. 

Webb, J. O., Sarasota Bay, Florida. — Box of ethnological and natural 
history collections. 

Waster, Professor B. E., Sclicneetady, New Tork. — Box of marine 
invertebrates, &c 

Weeds, Dr. J. F. — Ethnological specimens from Xew Mexico. (Through 
Army Medical Museum.) 

White, Dr. C. B. — Specimen of Podiceps comutvs from Fort Schuyler. 
Xew York. (Through Army Medical Museum.) L .sH^QIC 
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Wilson, L.f Astoria, Oregon. — Specimen of beetles in alcohol. 

Wright, J. W.A., Turlock, California. — Arro v-lieads from San Joaqoio 
Valley, California. 

lager, W. E., Oneoata, Neto YorTc. — Beptiles in carbolic-aciil solution. 

larrow, Jtr, E. C, Fort Macon, North Carolina. — Specimens of fisb, 
cetaceans, and Indian relics from North Carolina. 

Tates, Dr. L. F. — Human cranium and box of pine cones from Cali- 
fornia. 

Zeledon, Joa4 C, WasMtigton, 1). C— Twelve card photographs of 
Indians of Guatemala; miniature carvings by the same. 

Unkiunctt. — Box of corals, &c.; specimen of symplocarpus, Whatcom, 
Washington Territory; specimen of dark marble, Jefferson County, 
West Virginia; specimens of fish. 
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LITERARY AND SCIENTIFIC EXCHANGES. 



Tabk showing the statzxtioa of the Smitkaoaian exchanges in 1871. 



Ageot aud rauatry. 
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B0T4L Swedish Academy op Suienceb, 
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41 
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EoWL UinvEnsnT or Norway, Ckri»tiauia : 
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BovALDAKisn Society of Sciences, Capen- 
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16 
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L Wathss &. Co., Saint PeUraburg : 


93 


160 
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147 


198 
















De. Felix FlOgkl, Ldpaic : 


145 
46 


477 
1 
64 


28 


224 
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16 










492 


542 
















GcBiAVE BoeSANQE, ParU : 


132 


147 
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LriTERE, Milan .- 


109 


120 
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64 








fioYAi Academy of Sciesceb, lAtban : 


19 
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BoTAi Academy or Sciences or Uadrid : 
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23 


184 








UsiVMsiTY ov Melbouhbe : 
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UTESABY AND SCIENTIFIC EXCHANGES. 



Packages received by the 8miifuonian Institution from parties in America^ 
forforeigti distribution, in 1871. 



AllianylnBtitDto 

New VorL Slate Lilimy.. 
Pruiwsur James Hall 



BOGOTA, COLOMBIA 
Society of NatDralists 

BOSTOK, MASSACnUSETTS. 

Americao Academy of Arts and Sci- 



n YORK. 



BU 

W.G.Binney 

CAMBBtDOe, UASSACHUSbTTe. 

e Zoology. , 



lluxeum of Comparativ 

I'TuieuHor Ana Gray 

CoiuilL, F. I'cmrtiilcB 

i'rofi-wur J. D. Wliituuy 

COLUMBVB, OHIO, 

Oliiu State Board of Agricalluro.. 

DORCHESTER, UASSACUL'SETIB. 

Dr. E. Jarvia 

FOBT M'HZXRV, KARTI,AJiD. 
Dr. Elliott Conee 

FUUNTAIKDALE, tI.LI.VOI3, 

M.S.Bebb 

OBOROETOWN, DISr. OF COLUMBtJ 

GeuTKetown College 



Board of State Charltits 

BoittoD Sucit^ly of Natural HiHloiy., 
MaHiiiclitiHviiH Historical Society.-. 

Pi-rkitiH luHtilutioD for Bliud 

MriL Julia Waid Hone 



Natural History Society.. 

I, E. Billings 

I V. P.Caipeuter 



1,345 :{ 



KEW BEDFORD, MASf ACHV:iETT9. 

J. H. TllODI»0D 

SEW BAVEN', CONSECriCUT. 

Amrrican Jonrnal of Science and 



, Profi«iM>r J. D. Daua . . 

S.J. Smith 

. Professor A. E. Veriill 



IN County Society of Natural 



American Institute 

Antbropolucical Institute of Kei 

York.... 

Argcutine mnnul 

LyiH'um of Nutural Hiiitary 

J. Mauiisell ScbielTeliu 



OXFORD, > 



■ E.W.Hilgard 

PAXTON', IIUNOia. 

) I T. N. Hiisseiiguint., 



X'oo'^lc 



LITBBABY AND SCIENTIFIC EXCHANGES. 
Paeka^ee received from parties in America, <6c. — CoDtinued. 



AddresB. 


i 


Address. 




PEORIA, ILLINOlfi. 


2 

178 
291 
6 
1 
264 
4 
1 
30 

G3 

6G 
26 

25 
1 

1 

10 

213 
101 


SAN FRAKCISCO, CALIFORKIA. 










American Philosophical Society .... 










Wtrner Free Institnte of Scieccea.. 


TORONTO, CAXADA. 


■* 
















TRESTO.V, XBW JERSEY. 












PorlUnd Society of Natural History . 


ITICA, >-EW YORK. 












302 






Lilcraiy and Historical Sociefy 


Clinio-pathological Society 

DepartmeDt of Aericultttie 


1 
400 
















Office of Chief of Engineers 

Qunrtenna8f«r General's Oflice.... 
Unitetl States Coast Survey Office. 


99 


California State Doard uf Health. .. 


iy.3 


BiLNT IX>UI8, MlSSOVltr. 


United States Naval Observatory. . 
United States Patent Office 


as 
























































Peabody Academy of Science 









jM,Googlc 



UTBBAET AND SCIENTIFIC EXCHANGES. 



ALBANY, NEW YORK. 

Regents of Keir York State Uqi- 

ay in 
lofi 

New York State AgricDltuiai So- 

ciely 

New York State Cabinet of Natural 

New York State Hooiffiopatbic siA 

New York Stat« Library , 

lospectors of the Penitentiary 

luspectors of the State PriaODS of 

New York 

Hod. Francitt Barlow 

Profi!880r James Hull 

Profewor J. W, Hough 

ALLEGHENY CITV, PE.VKISYLVANIA. 

Observatory 

MASSACBCSETTS. 



Amherst College 

Geological Survey of MassacLuseCts. 

Professor E. S. Snell 

Professor E. Tuckerman 



Observatory 

Uuiversity of MivbiKfU-- 

Dr. Frtese 

Ur. J. C. WalHon 

Professor A. Winclieli... 



Wl.SfOSSIS. 

La'wrcnce University 

ATHENS, OCOItGIA. 

University of Georgia 

Professor Elihu Hall 



'1 



AD8TDI, NEVADA. 

' Dr.T.Storch 

I Judge Julius Schultze 

BALDWIN Cnr, KANSAS, 

Baker University 

' American Journal of Dental Sci- 

Marylund Historical Society.. 

Mercantile Library 

inicipality 

Peabodj[ Institute 

Univeisily of Maryland 

I A.M. Carter 

; P.R.Uhler 

II BLOOMCiCTt.S. INDIANA. 



P BOSTOS, MASSAC nUSETTS. 

I AmericaD Academy of Arta and Sci- 

American Christian ExamineT 

AraerieanRndalSpience Association 
I American Statiittical Association.. 
I American Uuitjiriaa Association- . 
' Atbeneum 

Board of State Charitiea 

Boston CbristiaD Register 

Boston Medical audSui^ical Jour- 

< BoHton Society of Natural Hist«ry. 

I UirectorH of Public lostitutious.'. . 

j GyiHBCciloipcal .Soricly 

! luspectiiTS of MasaacbQsetle State 

I MnswaciniEii'ttB Historical Siiciui,. ._ 
MassachiiM-its .siioifty fi* Proven- 

! tioii of Cruelly to Animals.. 

SIuuifi]>ulity 

7 KnglHiiil Historic, Genealog- 



ical K<H 
I North Au 
, Public Libiary.. 



n Bevie 
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Packages received from Europe, dx. — GoDtiuaed. 



Boston, Ma6S. — Contioaed. 

Society for the DeTBlopment of Min- 

enl Reeonrcea 

Sute Library 

R*T. W. R. Alger 

J,D.AUen 

J. L. Clarke 

Mra-CH-Dall 

Profcaeor WotcotI Gilibs 

E.E.Mayo 

Ur. Albert Ordwsy 

ProfeaaoT E. C. Pickering 

W.B. Rogers 

A P. Rockwell 

JSaodford 

S.H.Scaddtr 

Charlea A. Steams 

Dr. F. Starer 

PiTrfeusor W. Watson 

Hubert C.Winthrop 

BIOOEUNE, MASSACHl-SKTTS. 

Dr. Th. Lyman 

SBOOKI.YN', NEW VOIIK. 

City Library 

CoUegiate and Folytechoic Institute 

BBtrS'SWICK, MAINE. 

BoirdaiD College 

HiHorieal Society of Maine 

BUFFALO, NEW YOIIK. 

Butalo Historictil Society 

Medical and Sargical Journal 

XsUual HiBtorj- Society 

BVRLINGTON, IOWA. 

Mr. Engntroni 

BCRUNGTON, NEW JERSEY. 

W.G.BiBiiey 

BfBUNOTOS, VERMONT . 

University of Vermont 

CAMBRIDOK, MAWACnU6ETT8. 

American AsaociatioQ for Advance- 
ment of Science 

Aalronomical Jourusl 

Karvard College 

Harvard College Observatory. . 



Cambridor, Mass.— Continned. 



Muaenm of Comparative 

A. Agaseiz 

Professor L. Agassis 

John C. Anthony 

Dr. BronD-3equard.i 

ProfeesorJ. F.Cooke 

Professor W. Ferre! 

Dr. B. A.Oould 

Professor Asa Gray 

Dr. Hermau Hagen ....... 

W. James 

Professor J. Lovering 

Dr. G. L. Maack 

Jules Marcon... ....... 

Dr. T. Parker 

Professor B. Peirce . . 

L. P. De Pourtales . 

Professor W. A. Sogers... 

Dr. F. Bteiudochner 

Professor J. D. Whitney .. 

Professor J. Winlock 

Dr. Charles Wright 



, Dr. Lorenzo C YatoB . . 



Elliott Society of Natural History. 

Library CompiLuy 

Siiciety Library 

■South Caroliuu HiHtoricul Society. 
Wituiot de Saussure 



I University of Virgiuia 

I CniCApO, ILLINOIS. 

j Ciiicago Academy of Scieuce 

Chicago Board of Trade 

I Dearborn Olmervatory 

I Medical Times 

I Municipality 

1 : VoUDg Men'sAssociatioD Library.. 

i Professor T.H.Safford 

r Ur. W.StimpBon /.:., 



)^lf 



66 LITERARY AND SCIENTIFIC EXCHANGES. 

Packages received from Europe, &c. — GoDtioned. 



CISCINNATI, OHIO. 

American Medical College 

AstroDomical Society 

Aatroooniical Obaervatory 

DeDtal Register 

Historical aud Philosophical Society 

of Ohio 

Mercantile Library 

MDniciiiality 

Ohio MucliBuica' Institule 

CleTeland University 

CLINTON, KKW YORK. 

LitctiSeld Obserratory 

Professor C. H. F. Peters 

COALBCItGH, WEST VIRQIKIA. 

W.H, Edwards 

COLUMBIA, Missovni. 

Oeotogicsl Survey of Missouri 

MisHouri University 

Dt. E. C. Swallow 

COLVMBIA, eOUTU CAROLINA. 

Sooth Carolina College 

Ohio State Board of Agnciilluro.... 

State Library 

Leo Lesquereui 

Dr. W.S.SuUivant 

COSCOUD, .VBW UAMPSIIIKE. 

Kew Hampshire Historical Society. . 

State Lunatic AHylum 

Warden of Kew Hampshire Slate 

Rev.C.J.S. Itethiiuo 

CROW WIKO, JIIN-NEBOTA. 

Francis Pien 

DAVE.VrORT, IOWA. 

Public Library 



DECOOAH, I 

Lutheran College. . . 



Wesleyan University . 

DES aOTSEB, lo 



Inspector of Detroit Honse of Cor- 

Micbigan State A^jricultural Soci- 
ety 

W. U. Eeichert 



Dr. Edward Jarvis 

EAST GREENWICH, NEW YORK. 

AsaFittb 

EASTOK, PENKSYLTAKIA. 



ELMUtA, NEW YORK, 
Elmini Academy of Sciences.. 

EltlE, PESXSVLVAXIA, 

Rev. L. G. Olmstead 

KVAXSTOS, ILLINOIS. 

North western University 



Edward Norton ' 

fout m'hesry, marylasd. j 
i' Dr. Elliott Coucs I 

; FOl'NTAI SCALE, tLU.N'OIS. 

I M.S.Debb I 

'■ FR.ISKFO5T, KESTVCKY. I 

. Geological Survey of Kentucky I 
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Faclcagea received/rom Europe, (£c. — Continued. 



I«^Uktiie Librai7 

UDiTeraity of New Braaswick. . 

QEOBGETOWX, DISTRICT OF COI. 

Gtorgetown College 

Itr. Arthur Scliolt 

Kova Scotiaa Institute of Natural 

Sciences 

M. Forres 

Pnifesgor Lawsoo 

MdR. Willis 

HampdcD Sidney CoUege 

Dirtmonth College 

C. A. Young 

SASBISDURCM, PENNSVLVAXU. 

Medical Society of the Sfateof Peun. 

sjlvania 

Siite Libttti^ .- 

HJJITFORD, CONNECTICUT. 

CoDnecticat State Agricaltural So- 

Hanfunl Historical Society 

Yonng Ueu's IriHtitute 

BaLgBOROVail, KOiiTit CAROLIN'A, 

Rct.M. A.Cartii 

nOBOKEN, NEW JERt^EV. 

SiKrens' Institute of Technology.. 
W. nar|K>r Pea; e 

LNDIANAl-OUS, ISDIANi. 

fi^nlogical Snrvey of Indiana. 

ladiaua UlaloTical Society 

ladiana Institute for the Blind... 

titate library 

tT.C'ol 



'., WISCONSIK. 

Wisconsin Scandinavian Society.. 
A CITY, IOWA. 



Geological Survey of Iowa, . 

Iowa State University 

Professor O. Uinricbs 

Dr. C. A. White 



: Cumberland Uutverslty 

LEXIXGTOS, KEXTOCKY. 



UTTLE nOCE, AltKAKSAS. 

emor of the State of Arlfaiisas. 
I Literary Institute of Arkansas.. 

; State Library 

State Univeiaity 



LOUISVILLE, KENTUCKY. 

nistorical Society of Kentucky.. 

Municipality 

Bichmond and LooisviUe Medical 
Journal 

Uuiversitj' of Louisville 

LOWTILLE, XEW YORK. 

' Frauklin B. Hough 



u State Agricultural Sucl- 



MANCnESTER, SEW HAMPBIIUIE. 

City Library 



i>,Cooglc 
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Packages received from Europe Ac. — Contioued. 



MAItQUETTE, HrCHIOAN- 

Bishop IgDatins Moak 

MARVSVnXR, CALIFORNIA. 
Dr. E. T. WilkinB 

MEADVnXf, PENNSYLVANIA. 

Obecrvatory of Allegben; College. . 
PrufeBBor Laugley 

HILWACKBB, WISCONSIN. 

German Academy oi Natural 

Sciences 

L A. Lapham 

MONTPEUEB, VERMONT. 

HUtoricaland Antiquarian Society.. 
State Library 

HOXTREAL, CANADA. 

EntomoIoKical Society of HoDtieal. . 

GeologicaT Survey of Cauoda 

Historical Society 

King's College 

McGill College 

Natural History Society 

E.BillingB 

Dr. P. P. Carpenter 

ProfMSOr J.W. Uawaoa 

Dr. T. Sterry Hunt 

Sir W. E. Logaa 

Dr. C.Smallwood 

NASHUA, NEW RAHPSBIRE, 

Dr. B. E.EmoiBon 

NASHVILLE, TENNESSEE. 

Geological Survey .of Tennessee 

Univnrsity 

NEEKAH, WiaCONSLV. 

^candioaviaD Library AHeocialioD .. 
Scandinavian Literary Ijooiety 

Major F. B. Brooks 

NEW BEDFORD, MAS9ACHI- SETTS. 

John H. Thomson 

NEW BItUNSWICK, NEW JERSEY. 

Geological Surrey of New Jersey... 



New Brunswick, N.J,— Cont'd. 

Rutgers College -. .-... 

ProfeBsor George H. Cook 

Professor John C. Smock 

NEWCOELN, WISOONfilN. 

T.A.Bruhin 

NKW HAVEN, CONNECTICUT. 

American' Journal of Science and 

American Oriental Society 

Connecticut Academy of Arts and 

Yate College ^ 

ProfesaoT G. J. Brusb 

Professor J. D. Dana 

George Gibbs 

Professor £. Loomie 

Professor C. 8. Lyman 

Professor O. C. Marsh 

Professor H. A. NentOD 

Protessor B. Silliman 

Sidney J. Smith 

Professor A. E. Verrill 

Professor W, D. Whitney 

NEW LONDON, CONNECTICUT, 

Young Men's Cbrinti an Associatio 



Municipality 

New Orleans Academy of Natural 
Sciences 

NEWPORT, RHdDE ISLAND. 

Mechanics' Library 

NEWPORT, VERMONT. 

Oiienns County Sociotv of Natural 
Sciences. 

American Burean of Mines. ... . 

Aruericao Chiisti an Commission 

American Geographical and Statix- 
tical Society 

American Institute 

American Journal of Mining 

American Museum of Natural His- 
tory 

Anthropological Institute of Nen 
York ...:. 

Astor Library 

Columhin Colloge 

Cooper Union , 

Eclectic Medical College ! 

Journal of Psychological Medicine.' 



LITERARY AND SCIENTIFIC EXCHANGES. 59 

Packatjes received from Europe, &c — Oontinned. 



NbwYobk, N.Y,— Continued. 



Lfi:eDm of NatfiTol History 

MBdical GazetM 

Hedical Journal . ,. . 

Medical Record 

MercaDtile Library Asaociation 

XetrapoliUn Board of Health 

Micrwcopioal Society 

Maoicipality 

Xew York Academy of Medicine 

Sow York Cbrintiaa Inqnirer 

StwYorit HiBbirical Society 

.SomtamBtio aod Arcbnological So- 

School of Miti«« 

t>e«wt»ry of American Priwn Asso- 



A Stat«a Sanitary Commtsi 

srsity 

. A. P. Banii 
ProfeaMr Bauer . 

ThomaB Bland 

Di. Canington Itolton 

Proft*Mr C. F. Chandler.. .. 

Captain J. M. Dow 

Dr. B. Draper 

ProfoworT, Egleston...... . 

A. Eilers 

SimnelElirt 

Capuin Jobu EricsKOn 

I'rofraaor HermaDn FlUgel . . . 

Dr. Oescheidt 

Henry Grin nell 

Dr. Charles Joy 

Dr. Jamee P. Kimball 

Dr.H.J. Knapp 

Dr. Jamee Kuisbt 

(iwirge N. Laurence. 

ProfiBSOTS. F.B. Morae 

Dr. J. 8. Newberry 

Dr.J.C.Noit 

flwonfi. Ostonaackeii 

Dr. Mart™ Paine 

UoBTB. Parker &, DoualaM . . . 

Alfred Pell f. 

ProfeBsorA. Poey . 

i'roreaHorR. Piimpelly 

Dr. R, W, Raymond 

Profegsor O. M. Rood 

UwUU. Botbertbrd 

H- M. ScbieBBin 

E.G.8quicr 

Dr.L, tcllkampf 

T.C.Theakrr 

Dr. John Torres 

Dr. Luther Vww 

yr. Winfis 

KOBTHAMPTON, MASSACnrt 

State Lunatic Aajlum 



OTTAWi, ILIJKOiS. 

Ottawa Academy of Natural t 



Eugene W, Hilgard . . 

PAXTOK, 

T. N.Hasaeliiuint. 



SamnelH. Wrigbt.. 



PHUjIDELPaiA, PENNSYLVANLA. 

Academy of Natural Sciences 

American EntomoloKical Society.. 
American Journal of Couobology.. 
Ametioan Pharmaceutical Aaeocia- 



I Dental Coam OS 

Dental Enquirer 

Dental Times ,.. 

loklin Institute 

Historical Society of Penosylvania 

! Jefl'ersou Medical College 

I Library Company 

I Medical and Surgioul Reporter 

Medical Times 

Mercautile Library ,. 

Municipality 

North AniericanMedico-Cbirurgical 
' Rev low 

Nuniismi 
ciety., 

I Observatory of Girard College 

I Pennsylvania Institution for Blind. 
' Pi-nnsylvania Society for Preven- 
I tioQol Cruelty to Animals 

Public Schools 

I Society for Allcviatiug Miseries of 
I Public Prisons 

Superintendent of State Peniten- 

lujr-^- 



. I Wagner lYee Institute of Scii 
; Rev. E.R. Beadle. 

I Lorin Bludget 

I. H. C. Carey 



rs 
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J. CuMia.. 
Pliny Earl Cbue.. 
Dr. F.A. Courad... 
ProfeBBOr E. D. Cope- . 
Dr. Bennatt Donlor .. 

Dr. F. A.Oencb 

Judge Hare 

Dr.K. Hnre 

Dr. G.H.Horn 

Dr. Isaiia Lea 

Dr. L. Le Conte 

Profesaor J. Loidy 

J, P.Lesley 

Jobnson D. Luod 

B. S.Lyman 

Thomas Meehan 

J. A. Meige 
Dr. 



L HeigB.. 
C. F. Varl 






PiofesMir Wai 



aitner 

Wood, jr. 



Charles H. Whoatley . . 



.!>, MASSAC! I USE 

Library Association 



Professor S. P. Langley 

PORTION D, MAINE. 

Leginlatiiro of Maiiio 

Piirtljind Society of Kalural Hie 



POUOnKEEPSIE, !i 
i88 Maria MitcbulL . 



College of Now Jersey 

Horticultural Society 

Pharmaceutical Socit^ty 

ProfeRMir S. AlexHuder 

I*rofes8or A. Guyot 

PROVIDENCE, RHODE ISLAND. 

Athemcnm 

Brown University 

Bbodo Islaud Historical Society. .. 



Legislative Library. ... 

Literary and Historital Socit'ty... 

Observatory 

Lieutenant E. D. Ashe 

M. Joly de Lotbini^re. 

Abbd Provanche 



ProfeSBorW. C. Korr.. 



HiBtoric£tl Society of Virginia 

State Library 

T.H.\Vyuno 



BACRAMENTO, 

Dr. Thomas M. Logan 



University of Minnesota.. 



nnmboldt Medical College 

Medical Archives of Saiut Louis. . 

Medical and Surgical Journal 

Missouri Dental Journal 

Municipality 

Public School Library 

Saint Louis Academy of Siii'iiCf !^ . 

University 

Dr. Louis Bauer 

Dr. Louis Engelman 

Louisa LiingH 

Charles V. Kiley 

Maurice ShUHler 

SAINT PAIT, MINNESOTA. 



MinneMta nistorieal Society 

Nortliwestem Medical and Surgi- 
cal Journal 

J. H. Klooa.. 



,Cooglc 
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Efisei Institute 

Peabody Acatlem; of Science 

A. S. Pactcard, jr 

K. W, PotDam 

W.S.W«8t 

SALT LAKB CITV, UTAH. 
SAN FRASCISCO, CAUFOtCItA. 

CjlifomU Academy of Kntural Sci- 

Mfrcantile Libruty Associaliou. , 

Monieipality 

PiofcsKtrH. N, Bolaoder 

s.i. L. BraDDaD,Jr 

I>r. J. G. Couptr 

E. E, C. Stearns 

SCHfiNKCTAPV, SEW VOItK. 

Professor H. E. WebKler 



Or, G. J. FiBher 

--■•ITH BETHLEHEM, PENKSVI.VAMA. I 

Professor A. M. Majer ! 

SPltlKGFIELD, ILUNols. 

'ntdo^ical Survey of IlliiioiH 

Illinois State Agricultural Swii'ly . 

lllinoJB State I'liivpfsily 

Piufeesor A. H. Wortbeu 



TORO.S-TO, CASADA. 

BoUnital Swiety of Toronto 

''anadian Institilte 

■■iicrarjaDd Hixtorical Society 

'Hwrratory 

Trinitj College 

' niveniily 

l>.K.Wiijder 

TlSCALlWhA, ALABAMA. 

I'DLTermty of Alabama 

ITICi, NEW VORK. 
imericiin JoQnial of In»atiity 

WA8U1N0TON, t>. C. 

AaHricau Nautical Almatmc Office.. 
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Ar);eutine I>egntioD 

. Bi>ard of ludiau CommisgiuDers . . 
I Bureau of Navigation 

Bureau of Statiatica 

CeusuH Bureau 

Columbia luatitution for tlie Deaf 
and Dumb .. 

CammiBaioner of Agriculture.. 

Departmeut of Agricullunt 

Dtpartniont of Kuucatiou { 

Engiueer Bureau , 

Ueueral Laad-Offlce i 

Govemuiput luaaue Asylum , 

Howard University 

Hydrograpbio Oflice | 

Interior Departmeut 

Library of Congress I 

Medical Society of the Diutrict of I 
Columbia I 

Municipality j 

Navy Departmi-nt j 

National Academy of Science | 

Onluauce Bureau | 

Secretarv of t be Navy 

Swretarv of War | 

Signal OUice ; 

State Department { 

Surgeon Gene ral'B OfBc« 

Survey of Nurtb Auiericau Lukes..! 

Treasury Department 

United States Coast Survey I 

Uniteii States Naval Observatory. 

Uuili-d Stat*8 PtttBHt-OBice | 

Uuili'd States Keveune Department 

War Departmeut 

Wasbiufiton Public Schools... 

YounfrMeu'fiCbriHtian ABSociation. 

Piofensnr Cleveland Abbe. . .. 

([.■ueral H. L. Ablwt 

Mrs. C Alejunder 

ProfeHsor S. F. Buird 

(J. W. UacliB 

Dr. H. M. Bannister 

(ieniralJ. U. Uarnaril 

Professor W. P. Blake 

Professor J. H. C. Coffin 

T. A.Craven 

W.H.Dall 

C.H. Davis 

MisaDorotbeaDix 

(ieneral W. H. Emory 

Dr. E. Foreman 

W.Q.Foiee 

HeueralJ. C. Fr4uiuat 

Edn. M. UullaiHlet 

Baron Geroh 

ProfesBor T.Gill 

Dr, F. V. Hay.len 

Profejisor J, Heury 

J.E.Hilgard 
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Washikgton, D. C— CoQtJDued. 



G.W.Hill 

Joba Hilz 

Oeneral A. A. llumpfareyn 

E. B. Hunt 

J. C. G. Kennedy -. 

Admiral Lee 

ProfeBMr J. H. McCliesuey 

J.N.Maffit 

P.B-Meek 

Brieodier General A. J. Myers... 

Profeaaor S.Newcuuib 

Dr. C. C. Parry 

T. Po«8che 

W.J.Rheoe 

Admiral Sauds 

Professor G. C. Scborfl'isr 

C. A. Schott 

Huury Ulbe 

Lien tenant Colonel Woodward.. 
C.B. Young 



COSSECTICUT. 



BrowusoD Library.. 



Watorville College. . 



WEST POINT, XBW YORK. 

Frofcasor W. H. C. Bartl«tt.. 



I WILI.IAMSDUROI1, ' 

Virgiuia Eastera Lunatic Asylui 

I WlLLIAilSTOWN, MA3SACB L'fiETTfi 

Williams College 

WIUUHGTON, DELAWARE. 



WOBGESTEH, UASSACRt-sl 



jM,Googlc 



LIST »r MBTBOBOIOGIVAL STITIOXS kSQ 0BSEBTEB9 OF THE BHITH80- 
KliK IKSTITPTlOIf FOB THE lEAB 1611. 



NLLme of observer. 



CliftpHenry A 

DeUaey, John 

HigginB, ProfeMor D. F 

Jaae«,W. Martin 

M[irdoch,0 

Stewart, Jamei 

Sartorins, Dr.C 



Harbor Grace, Nenfoaodland. 

St. John's, New foand I and. 

Acadia College, Wolfville, Hova Scotia. 

Clifton, Outario. 

Saiot Jobo, New Brnnenick. 

Wiiiuipeg, Manitoba. 



Mirador, Vera Cmz. 



AliaoD.Dr. H.L 

Antony, E.L 

FabB, Dc. C, and Miss R. Deans 

JenniDKS, Dr. 8. K 

Peters, Dr. Thomaa M 

ShieldB,-J. H 

Tntwilet,H 

Vanltirk, W. J 

Bryaat, Cbarlea 

Biabop, H 

Greene, E 

Martin, J osepb P 

HcCliinE.C.L 

RuMol.O. F. 

White, Churlea 

CAUFOKNU, 

AmM, Mary E. Pulsifer..-. 

Banie8.G. W 

Blake, J.W 

C»nfield,Dr. C.A 

(.heoey, Dr. W. F 

I'omptuD, Dr.A.J 

^aval Hospital 

Tborulon,Dr. W. W 

COUIRADO. 

Byer9,\V.N 

l!n>ft,a.J 

Daviea, Oeorge W 

Uerriain, A. H 

Mettletou, E. S 



Carlo wvillo, Dallas County. 
HuDtaville, Madison Coutity. 
Selma, Dallas County. 
Coatopa, Samter Conoty. 
Monllon, Lawrence Coonty. 
Elyton, Jeffeiaon County. 
Havaaa, Hale County. 
Mobile, Bdldwin County. 



Sitka, Soiut Paal Island. 



PocahoDtas, Randolph Connty. 
l!'ayotteville, Woahington County. 
Helena, Phillips County. 
WaahingtOD, UempBtead County. 



Indian Valley, Plumas County. 
San Diego, San Diego County. 
Visalia, Tulare Coautv. 
Monterey, Monterey County. 
Cbico, Butte County. 
Watsonville, Santa Cruz Connty. 
Beuicia, Solano Connty. 
Cahto, Mendocino Connty. 



Fountain, El Paso County. 

Golden City, (Jorvia College,) JeffecMa 

Connty. 
Templeton'B Gap, El Paso Connty. .,, I,, 
Colorado Springs, £1 Paso County. '«> 
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Name of observer. 


Address. 


COKKECTICUT. 






North Greenwicb, Fairfield Connty. 
SouthiDBHin. Hartford County. 
Colebro«k,Lil«hfield Countv. 
Ui<ldl.>U>«D, (WeBloyau Uiuvorsity,) Hid- 

dlvHex Coiiuty. 
Coiomliia, Tolland County. 










DAKOTA. 




Pouka Ageucj-.Todd County. 


DKIAWARK. 




Dov.-r. Keul Ci>uuty. 
Millord, Keut County. 


UilimiL, K.U 



Ativood, G. W I Saint AiiipiHliae, Saint John'H County. 

Buldirin, Dr. A. & { Jat^koutiville, Duval County. 

Barkur, E i Ocala, Marion County. 

Btsecber, Rev. C | Newpwt, liVaculla County, 

Cbambcrlain, S. N [ Momiiiito Ialnt, VoluHia County. 

Lowd. E. K.. I New Smyrna, Voluain Couuly. 

I'owell, Cbarles F Iticalal-a, iiaiiit Jobn's County. 

Kobinton, General G. D I'ilalka, Puinam County. 

Thralls, George It 1 Wdborn. Suwuucv <!oiinty. 

\Vliil#, W. F ' Tampji, HUUlioroiigb County. 



Barker, E ' Saint Mary's. Camden County. 

Cutt«r, Jobu L I Quiiniuu,lli'ouks County. 

I>ni:kner, F., &. Son Atlanta, Fu It tin County. 

HillvtT, H. L ■ Kerue, Camdtii County. 

IIollitiKid, lloratioN Sandtrovillf., WiutliinKtOD County. 

>trl,'lutcben, A. U Lafavclte. Walker County. 

i?uiitord, S. r l'fnti.'lJ,UirfUe County. 

ILLINOIH. 

Adams, W.H Elmore, Pmria Couuty. 

Aldrii^h, Vrrry Tinkiliva, Bureau County. 

Bowman, &I.B Andalnxia, Koi-k Island County. 

Btvndel, F j Feoria, Piuiria County. 

BivokeB, 8 CbicaEO, CiH>k County. 

Carej", Daniel i UocliuTle, Of;lu County. 

ChaM), Dr. D. H i LouiHvill«. Clay Connty. 

C'H-brane, J , Havana, MaHuti Couuty. 

I>uil1ey, T I Defatur, Macon Couuty. 

Duncan, Rev. A ' MonaC Strrling, Brown Count;. 

Fiuley, Dr. T | Pana, Cbristian County. 

OraiuHtly, C i Charleston, Coles Couuly. 

Ilfant, J. and Mist) M I Maucbester, Scott County. 

Hiiirne, F.J ; Qnincv, Adaras County. 

Ht'ory, W.E Mat toon. Coles County. 

James, J. W ftlareni;o, McHeury Connty. 

Joaefd, Dr. C | Waterloo, Mouroe County. 

I^an^CK"'''! ■'- O - Cbicago, Cook County. 

Livingston, Prufeasor V! (iatesburgb, (Lombard University,) Knira 

County. 
Marcy, Professor O Evauslon, (Northwestern UniverBity,) 

Cook Connty. 
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NwneofobserTar. 



lujKOis — Continued. 

M«td,aB 

Moi^O. B 

Hornj, P«ter 

Otborn, EUwn 

I^ttoraon, H. N 

Pbelps, E. & aod HiwL.E .... 

Pnfier,A.W 

SinaldiDK, A., and Hnw E. D . . . 

Spencer, W.C 

Wltitakor, B 

Alden, Thomas E 

Andrew, F.G 

Applegate, J. A., and dangbtei 

Boemtir.C.O 

Chappebmitli, J 

Clwk,W.8 

Crosier, A... 

CnrtU, J. W 

DawBon, W 

Deem, D 

Hadley, Dr., and others 

Howard, J. K 

Longfaridiie, Dr. J. H 

Mallow, T.H 

McCov, Dr. S. and Miss 

McHenry, B. F 

Boberuon, E. S 

Spi(]er, D 

Sntton, G 

Thralla, Goo. E 

Williams, Mrs. B. C 

IOWA. 

Adams, Ernest 

Ashby, M. V 

Babcock, £ 

Brrant, Mrs. J. A 

Colliii, Professor A 

Croft, CI. I. 

DickiDSOD, J. P 

Famswonh, P. J 

Gilbert, A. P 

Horr, Dr. Asa 

HaaBfleld,A.A 

Moraholl, Gru^iy 

Hc€Untoek,F 

McCready, D 

Miller, E. and R 

Nelson, D.B 

Porvin, Proressor T. 8 

Ko«s,F.A 

Basse]!, A. H 

SbcldoD, D. S 

Smith, Bnfas P 

Stem, Jacob F 

Talbot, Ben I amin 

Towiuend,N 
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Belvidere, Boone County. 
New Manchester, Scott Connt;. 
Hennepin, Patnam Conoty. 
Oqnawka, Henderson Connty. 
Wyanet, Bnrean County. 
Mattoon, Coles Coimty. 
Aurora, Kane County. 
Dubois, Wasliington County. 
Warsaw, Hancock County. 



Rising Sun, Ohio Connty. 
Laporte, Laporte Conuty. 
Mount Cotmel, Franklin County. 
Vevay, Switzerland County. 
New Harmony, Posey County. 
Be^b Qrove, Rnsh County. 
Laponia, Harrison Connty. 
Warsaw, Kosciusko Connty. 
Spicelond, Henry County. 
KniEbtatown, Rnsh County. 
Ind^napolis, Marion County. 
Livonia, WasbinKton Connty. 
Rensselaer, Jasper Cooptv. 
BIoomin|[toD, (UniT'j.) Monroe Connty. 
Colombia City, Whitley Connty. 
Merom, SoUivan Connty. 
Fort Wayne, Allen County. 
Kentlaud, Newton Conuty. 
Aurora, Dearborn Connty. 
Warsaw, Kosciusko Connty. 
Annapolis, Parke County. 



Ames, Story County. 
Afton, Union Connty. 
Boonesboroogh, Boone County. 

Fontatielie, Adair Connty. 
Mount VemoD, Linn County. 
Webster City, Hamilton Connty. 
Guttenberg, Clayton County. 
Clinton, Clinlon County. 
Lemors, Plymouth County. 
Dubuqne, Dubuque Connty. 
Momit Pieusont, (University,) Henry 
Connty. 



Fort Madison, Lee Connty. 

Grant City, Sao County. 

Sao City, Sao County. 

Iowa City, (University,) Johnson County. 

Dnrant, Cedar Connty. 

West Branch, Cedar County. 

Davenport, Scott County. 

Monticeilo, Jones Connty. ^ 

Logan, Harrison Connty. 

Council Bluff, Pottawatton)ie(C<uuti;^ i , . 

Iowa FalU, Hardin County, ^•^^^^i''^ 
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List of meltorohgioal statiotu and obaerrerefor (fte year 1871 — ContioDed. 



Name of obeeryer. 



lowi — CoDttD ned. 

Wttdey.H 

Warne,Dt.Q 

WniTOD, J. H 

WhealOD, Mrs. D. B 

Witter, D.K 

Woodwonh. S 

KANSAS. 

Ailame, Erneet 

Beokwitb,W 

Cotton.J.M 

Daniels, P 

Fogle,D 

Horn, Dr. H. B., and Hiss 

HoskinsoD, Et.M 

Ingrabam &Bvland 

Lamb, Dr. W. iC 

Mndge, Professoi B. F 

Parker, J. D 

BichaidsoD, A. O 

Shoemaker, J. G .. . 

Snow, ProfesBOrF. H 

Stayman, Dr. J 

Walrad, L. D 

Waltere, Dr. J 

Woodfforth, A 

Beatty.O 

Horr.Edw.W 

Martin, Dr. S. D 

Sbriver, Howard.. . ... 

Yonng, Mrs. Lawrence .. 

LOUISIAIT*. 

Cleland, Rev. T, H 

Collins, H.C 

Foster, Captain R. W 

Moore, Dr. Joe. L 

HAcn. 

Clifford, A.J 

OiRbrd, J.R 

Femald, C. H 

Feraald.M. C 

Oardioer, R. H 

Gnptill.G.W 

Haskell, WiUabe 

.Majo,E. D 

jMoor«^ Asa P. 

Monlton. J. P 

I'arker, J. D ,"., 

Pitman, Ed n in . ,,...,. 

Reynolils, Ilenry 

Smith, H.D , 

THpp,OMarH 

Wentwonh, B. C. 



Rock ford, Floyd Connty. 
lodepeudeuce, Uuebanan County. 
Algona, Koaeutb Coonty. 
Independence, Buchanan Connty. 
Woodbine, Harriaon County. 
Botven'a Prairie, Jones Connty. 



Williamstown, Jefierson Connty. 
Olathe, Johnson County. 
Wtlliamstown, JefietBOu Connty. 
Craw fordavi lie, Crawford CouUty. 
Willi amsbnrgb, Franklin Connty. 
Atchison, Atchison County, 
Bnrlingame, Oswe County- 
Baxter Sprinf^, Cherokee County. 
DouElas, Butler Connty. 
Manhattan, (Agricultural College,) Rilef 

Connty. 
BurliuKton, Cofiey Connty. 
Plam GroTo, Butler County. 
Leroy, Coffee Connty. 
Lawrence, (LTniv'y,) Donglaa Connty. 
Leavenworth, Leavenworth Connty. 
Paola, Miami County. 
Holion, Jackson Connty. 
Cooncil Grove, Morris Connty. 



Danville, Boyle Connty. 
Blandvilje, Ballard Connty. 
Pine Grove, Clarke County, 
A read in, Lincolti County. 
Springdale, Jefferson Connty. 



Delhi, Rieblan<l Parish. 
Ponehatonia, Tangipahoa Parish. 
New Orleane, Orleans Parish 
Sbteveport, Caddo Parish. 



Montville, Waldo Connty. 
Montville. Waldo Connty. 
Houlton, Aroostook Connty. 
Orouo, Penobscot Connty. 
Gardiner, Kennebec Conotf. 
Cornish, York Connty. 
Bncksport, Hancock Connty, 
Brewer Village, Penobscot Coonty, 
Lisbon, Androscoggin Connty. 
Staudish, Cumberland Connty. 
Mount Desert, Hancock Connty. 
Barnard, Piscataquis Connty. 
East Wilton, Franklin Connty. 
Norway, Oxford Connty. 
Surry, Hancock Connty. ,,1.-, 
Montville, Waldo Connty. (V^ 
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Kanie of observer. 



U AiKE— Continued. 

We*t, Silos 

Wlbnr, Ben. J 

MARYLABD. 

CnrtJB^O.G 

DevilbiHS, F. J 

EUiott,J.P 

GoodmaD, W. K. 

Hanshew, C. F 

HansheiF, J. K 

Joardau, ProfeiworC. H 

McCormick, J. O , 

Naval Hospital 

SbepbenJ, H. M 

Sbriver,E.T 

StepbeDBon, Rev. Jtuiies, and otbere 

Valente.A. X 

MASeACHTSETTS. 

Bftcon.W 

Biibv,J. H 

Caldwell, J. H 

Conoiagbam, George A 

Dewlinret, Rev. E 

FitllOD.J 

FTO«t, B. D 

Hart, George S.. 

Uopkios, Professor A., and Frederic Marcy. 

Merriani, S.A 

Metcalf, Dr. J.G 

Monill, D.T., M. BemiB, aod D. Lovejo;.. 

NaM>D, Rev. E 

Selaon, H. M 

New(»>iDb, G. S 

Peiry, Mrs. S, H 

BodmaOiS 

!k»ell. Professor E. S , 

Tecle, Rev. A. E 

Tucker, E.T 

MlCHtOAN. 

Bnllanl, R 

Ellia, Dr. Edwin 

HiggiiiB,F, W 

Holmes, Dr. £. S 

Howell, D 

Kedzie, Professor R. C 

Kemp, Professor A. F 

Mapen, H. H 

?attieoD, H. A 

Paiton, J.W 

Sinitb, Rev. 6. N 

Sombnortb, K. L , 

»trm)g, L.H 

WelJ^L.E 



Fallston, Harford County. 
Snn'a Creek, Carroll Conoty. 
Saint Id igoes, Saiit Mary'sConnty. 
Annapolis. Anne Arondel Cuonly. 
lanwod, Carroll County. 
Frederick, Frederick County. 
EmmittBburgh, (Mount Saint Mary's Col- 

lege.J Frederick County. 
Woodlawn, Cecil Connty. 
Aunapolis, Anne Arundel Connty. 
Ellicott City, Hovard County. 
Camberland, Alleghany Connty. 

" ' ■ ' ■ " " unt, 

•e County. 



Richmond, Berkshire Connty. 
West Neirton, Middlesex County. 
New bury port, Essex Connty. 
Lunenburg, Worcester Connty. 
Hinsdale, Berkshire County. 
Lawrence, Essex County. 
Hoosao Tunnel, Berkshire County. 
New Bedford, Bristol County, 
WilliamstowD, (WiUiams College,) Burk- 

shire Connty. 
TopsAeld, Essex Connty. 
Meodon, Worcester County. 
Worcester, (Lnnatic Hospital,) Worcester 

County, 
North Billericn, Middlesex Connty, 
Georgetown, Essex County. 
Kington, PJymoatb County. 
Cambridge, Middlesex Connty. 
New Bedford, Bristol Connty. 
Amherst, (CoUege,) Hampshire Connty. 



Litchfield, Litchfield Connty. 

Ontonagon, Ontonagon County. 

Detroit, Wavne County. 

Grand Rapids, Kent Connty. 

MacvD, Leuawee Connty. 

Lansing, (Agricoltnral College,) Ingham 

Connty 
Olivet, (College,) Eaton Connty, 
Kalamazoo, Kalamazoo Connty. 
Muskegon, Muskeson Connty. 
Alpena, Alpena County. 
Noithport, Leelenau County. ^ 
Cold water. Branch Connty. 
Grand Rapids, Kent Connty. ,,|,, 

Battle Creek, Calbonn County. 'x"- 
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IA»t of meteorological stations and observers for the year 1871 — CODtioaed. 



Name of obMnrer. 



UlCHia AM— Couti Dned. 

Whdpler, Mies R., and TbomM 

Wbittleeey, S. H , 

Wilson, W 

Wincbell, ProftMSor, and Mis. N. U 

MIKNRSOTA. 

Cheney, William 

McMahoQ, Dr. U 

PaieiBon, Bar. A. B. ........... 

Pyle,Dr.D 

Boe, A. L 

Boob, Chailes 

Wsdsworth, H. L. 

Wieland, C 

Win tore, J. K. P 

Woodbnry.C. W., andC. E 

Yonng, T. M 

Bowden, L. A 

Coleman, T.B 

Florer, Dr. T.W 

Jackson, B. S 

JenninKB, Dr. S. H 

Keenan, HiSB W. E. A 

Lull, Jtunea S^ and John F. Tarrant ..... 

Payne, John S 

Bobjnson, Bev. E. S 

uissoinu. 

Bond, P. J 

ColtTan6,T. W 

D6Wri,i!r 

Fendler Aug 

Uarris, Wyatt 

Jones, Jno. P . 

Kancber, William , 

Martin, Horace 

McCord, B. H 

Eu|rele8,H 

SaliBbury, S. W 

Smith, John M 

Stnntebeck, Rev. F. H., and A. Averbeck. 



Goddard, E. N.-. 
Mineainger, J. H . 
Stnart, Granville. 

Caldwell, Mrs. E. E 

Dunn, William 

Hamilton, Eev.W.. 

Seltz, Charles 

Smith, L. H 

Truman, GeorgeS... 
Zabuer.P 



Monroe, Monroe Connly. 
Copper Falls, Eeweeuaw Connty. 
Banzonia, Benzie Connty. 
Ann Arbor, Washtenaw Connty. 



Minneapolis, Hennepin Connty. 
Leech Lake, Cass County. 
Saint Panl, Bamsey Connty. 
Sylvan Parbj Becker Connty. 
Afton, Woahiogton Connty. 
New Ulm, Brown County, 
Litchfield, Meeker Connty. 
Beaver Bay, Lake Connty. 
Beaver, Winona Connty- 
Sibley, Sibley County. 
Konieka, McLeud County. 



Philadelphia, Neshoba County. 
Holly SjJ rings, Marsholl County. 
Marion, Lauderdale County. 
Clinton, (College,) Hinds County. 
Baldwin, Lee Coimty. 
Brookbaven, Lawreoce Connty. 
Colauibns, Lowndes Connty. 
Grenada, Yalabusba Connty. 
Enterprise, Jasper Connty. 



Nevada, Vernon County. 
Cave Spring, Greene County. 
Jefferson City, Cole Connty. 
Allenton, Saint Louis County. 
Honnt Vernon, Lawrenoe County. 
Key tear ill e, CUariton County. 
Oregon, Holt County. 



Bolla, Phelpe Connty. 
Kansas City, Jaoksou Conniry. 
Hematite, JeffeiBon County. 
Saint Louis, (University,) Saint Lonis 
County. 



Virginia City, Modison Connty. 

Missoula, Missoula County. 

Deer Lodge City, Deer Lodge County. 



Bellevue, Sarpy Connty. 

EmeiBou, Otoe County. 

Omaha Aeency, Bnrt Connty. 

De Soto, Washington County. 

New Castle, Diion Coimty. 

Sant«e Agency, L'Ean qni Conrt Coan^. 

Nebraska City, Otoe County. 
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List o/ meteoroJoffical stations and observers for the year 1S71 — Continued. 

Name of observer. 



KEW nAMPSHIRB. 

Brewster, Alfred 

Brown, Branch 

Colby, Alfred 

CodcVE.D 

HontingtOD, J. H . ... 

Hoilin, Rev. W 

Kidder, L.D 

OdeU,F 

NEW JERSEY. 

Beani, Tbotnas J 

Broolit, WillUm 

Chandler, Dr. W. J 

CookjE. R 

Fleming, J ,, ., 

Green, SL A 

Howaid, TbomasT, jr 

Ingram, Dr. J 

Soil, A. B 

Palmer, Mrs. J. R 

Perry, H. C ." 

Sheppard, UiBS R. C 

Whitehead, W. A 

J)EW YORK. . 

Adriance, Chae. E 

Albro, S. H., uid Lore, S. O 

Arden.T.B 

Arnold, C.P 

B«ker, Gilbert D 

B»rrBlt,A. J 

Barrovs, Captain S 

Bartlett.E. B 

Browneli, W. A 

Bmsing, J. W., and D. S. 

Clwke, B. W, 

Cooley, Professor J. 8 

Edwards, D 

Gtrdiner, J. H 

eodfreT,M.P 

H»ag,H 

Hachenberg, Dr. G. P 

Heimstroet, Jno. W 

HBudricks, D. B 

Howell, E 

Hont,Q. M 

iBpOsbe, 0. M 

lruh,ReT. Wm 

IV(9,\V.. 

Met, W. Martin. 

Jotinson,BeT.a. W 

Kwae, 0. P. 

■*e,LBilieA 

Mack, E. T 

Hailler, I, P.'. . ,".','.'.'-.".'.','.'.'.'.'.'.'.'.', '.'.' '.','., 

Malcolm, W. 8 



Tamworth, Carroll Connty. 

Stratford, Coos Connty. 

Goffstown Center, Billsboronsh Connty, 

Contoocookville, Merrimack County. 

Hanover, Cooh Connty. 

Sonth Antrim, Hillsborongli Coontv. 

Whitefield, Coos Connty. 

Shclbnme, Cooa County. 



Slooreetown, Bnrlington Connty. 
Paterson, Paasaic County. 
Sontli Orange, Essex Connty. 
Trenton, Mercer Connty. 
Readin^ton, Hunterdon County. 
Atco, Camden Connty. 
JeiBey City, Hndnon Connty. 
Vineland, Cumberland Connty. 
New Germautown, Hunterdon Connty. 
Rio Grande, Cape May Connty, 
Allowayetoirn, Salem County. 
Greenwich, Cumberland Connty. 
NeTvark, Essex County. 



Hector, Schuyler Connty. 
Jamestown, Chautauqua Coon^. 
Garrison's, Pntnam Connty. 
Angelica, Allegany Connty. 
HimrodB, Yates Connty. 
Lowville, Lewis Connty. 
South Trenton, Oueida Connty. 
Vermillion, Oswego County. 
Fairfield, Herkimer County. 
Minaville, Moutgomery Connty. 
Lockport, Niagam Connty. 
Fort Edward, Washington Connty. 
Little Genesee, Allegany County. 
Newbnrgh, Orange County. 
Carlton, Orleans County. 
Depanville, Jefferson Connty. 
Rochester, Monroe County. 
Troy, Rensselaer County. ■ 
Kingston. Ulster County. 
Nichols, Tioga County. 
North Argyle, Washington Connty. 
South Hartford, Washington Connty. 
Lowville, Lewis Connty. 
Buffalo, Erie Connty. 
Suspension Bridge. 
Newark Valley, Tioga Connty. 
Cooperstown, Otsego County. 
Canton, Saint Lawrence Connty. 
Flatbufih, Kings County. 
Brooklyn. Kings Connty. 
Oswego, Oswego Connty. 



jM,Cooglc 
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lAtt o/ meteoroloffwal 8tatiim» and obtervertfor the yearlSll — Continued. 

Kame of obaerver. 



New York — CoDtinaed. 

McNott, Randolph 

Mertitt, Jno.C., jf 

HiUsr, J. Dewin 

MoniB,MiM E , 

Morri^ProfeHBor O. W , 

Naval Hoepital 

PBTtrick.J.M 

Soe, Saufoid W 

EuaseU,C.H 

Sawyar-G. F 

Smitb, &.A., and danghten 

Sonle, Fioreaaoc W , 

SpooDer,Dr. S 

ttowbridge, D 

WiUiB, O. K., and daoghten 

WooBter.C. A 

Yal8,WalterD 

lODOg, J. M 

KOKTH CABOUKA. 

Adams, ProfeuoT £. W 

AUiaon, T. P 

AatoD, Edtr. J 

AaBtio. Robert U 

Beall,E.L 

BoDlon, A. A 

Greene, J. H 

Haonft, George B 

Hardy, Dr. J, F. E 

Harreli, JohnA 

Hick8,Dr.W.E 

Howard, 8. A 

Kwn, F.J 

Lawrence, G. W, 

Murdoch, W. H 

Norfleet,Thoa 

Sberwoud, Juo. M 

OHIO. 

B»llaiitine,W 

Barringer, W 

BingmaD, T. J., and King, J.P 

BaTras,0 

Clarke, J 

Crane, G, W 

Doyle, JoiephB 

Dunn, F. K. 

Ferrisi^ E.J 

Ham mitt, J no. W 

Harper, G.W 

Haywood, ProtesaorJ 

Herrick, L ,., . ., 

Iluntiiigdon, G. C, and D. K 

Hvdu, G. A 

Irwin, Dr. A. C 

Mareh, Mrs. M. M 

Malhen'8, J. McD 

McFnrlaiid, ProfdMor B. W. 

MeCniie, Dr. Janiea i.. 

Morton, Dr. George B. 



Warrensburgh, Warren Count;. 
FarmiDgdale, Qneena Count;. 
Fort Edward, Washington Connty. 
Throg'a Neck, Westchester County. 
New York, New York County. 
New York, New York Cotrnty. 
North Vol[iey, Oswego County. 
Middtebnrgb, Schoharie Connty. 
Oonvemeur, Saint Lawrence County. 
Fairfield, Herkimer Connty. 
Moriches, Suffolk Connty. 
Cazenovia, (Seminary,) Uadison County. 
Oneida, Madison County. 
Waterbnr^h, Tompkins Connty. 
White Plains, Westchester County. 
North Hammond, Sat Dt Lawrence County. 
HonseviUe, Lewis County. 
West Day, Saratoga County. 



Goldsborough, Wayne County. 

States ville^Iredell County. 

Ashe vi lie, Buncombe County. 

Tarborough, Il^gecombe County. 

Lenoir, Caldwell County. 

Edenton, Chowan County 

Bakerevi lie,. Mitchell County. 

Charlotte, (Mint,) Mecklenburgh Connty. 

A^eville, Buncombe County. 

Weldon, Halifax County 

Oxford, Granville County. 

Greensborough, Guillonl County. 



BaJeigh, Walce County. 
TarboFough, Edgecombe County. 
Fayettevilte, Cuuibcrlaud County. 



Sngo, Muskingum Couuty. 
Bell<^ontaiue, Logan County. 
Ponueville, Morgan County. 
North Fairfield, Hurou County. 
Bowling Gre«n, Wood County. 
Bethel, Clermont County. 
SC«ubcuv)llo, Jefferson Couuty. 
Gambier, Knox County. 
Painsville, Lake Couuty. 
College Hill, Hamilton County. 
Cincinnati, Haiuilton Couuiy. 
WeeterviUe, (Univ'y,) Fraukliu County. 
Oberlin, Lorain County. 
Kelley's Island, Erie County. 
Cleveland, Cuyahoga County. 
Farmer, Defiance County. 
Biiiley, Huron County. 
Hillsborough, Highlaud County. 
Oxford, (Miami lluiv'y,) Butler County, 
Mount Gilcud, Morrow County. 
North liaes Island, Ottawa County. 
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List 0/ meteorological atatiotu and ob«errer» for ike year 1871 — OoDtinaed. 

Kame of obwrver. 



Obio— Continned. 

MflllM,Dr. B 

MMll,Tb*DlHi 

Owsley, Dc. J. B 

Petttnger, l.McE 

Phil]iM,B. C 

Pat1o«k, B«T. J. £ 

Bodgere, Alexander P 

Shaw, Dr. W.S , 

ShialdB,J.H 

etireve, C. B., and Martha 

SmitJi, C. J 

Smith, Dr. C. H 

StiUwBU,C.A 

TboDiiwan, BeT. D 

Tme-Dr. H.A. , 

WWte, J.H , 

WilkioMii, J. E 

WiUiatns, Profewor M.G 

■Winger.M 



Oier, H. A., aod J. S. Ee«d. . 

Pcarce, Thomas 

WilaoD, Iiouis 



Albree, C- and Qeorge... 

Beiitley,E.T 

Black, Samuel A 

Cook, Dr. W. H 

C0T«0D, M. H 

CniDmiuga, J 

Cnitii,A. W , 

Darlineton, F 

D>r, Theodore 

Feichl, B 

FentoQ, E 

€ratbwoh], Jobo 

H«ice,E 

Haworlh, J 

Hotter, Dr.J.E 

Hnbbo, Dr. J. Allen,,,. 
Janee, Profeaaor C. S.. 

Jea'eri«,W, A 

Kirkpatriok, J. A 

Kohler.E 

Lefever, Jacob 

Mtdlem, William F.... 

Maraden, Dr.J.H 

Martin, Dr, George 

MrCmnelLE, M.. 

Meeh>n,T. , 

JJaval Hoapital ., 

Packard, B. P 

Pwilor, D 

Rwr,J.Heyl 

8w»n,E.... 

Smith, Dr.W 

SpeDcer, JIi«e Anna . . 



Carthasena, Mercer Couuty. 
Sanduaky, Erie County. 
JackHoiiliurKh, Butler County. 
Berea, Cnyahoga County. 
Cincianati, Hamilton County. 
Salem, CohiDibiana County. 
QallJpoiiB, Gallia Connty. 
Bavanuab. Ashland Connty. 
Ciuciunati, Hamilton County- 
Martin's F01T7, Bulmunt County. 
Hndeon, Suromit County. 
Kent«n, Hardin Connty. 
Aduna' Mills, Mnekingum Count.y. 
New Birmingham, GuemBoy Connty. 
Marion, Marlon County. 
Cincinnati, (Mount Auburn Ladies' I nsti- 

tnte,) Hamilton Couuty. 
Wiliiaoisport, Pickaway Connty. 
Urbaoa, (University,) Champaign Connty. 
Wooster, Wayne Connty. 



Portland, Multnomah County. 
Eols, Polk County. 
Astoria, Clatsop County. 



Pittabar([h, Allegheny Couuty. 
Tioga. Tioga County. 
HarriBburgh, Danphin County. 
Carlisle, Cumberland Couuty. 
Plymouth Meeting, Montgomery County. 
Tarentom, Alleghany County. 
Catawiaaa, Schuylkill County. 
Parkersvillc, Cheater County. 
Dy berry, Wayne County. 
Alleghany City, Alleghany County. 
Grampian Hitla, Clearfield Connty. 
Nyce'n, Pike County. 
Fallal nglDu, Buck's Connty. 
Hazlelon, Luzerne Connty. 
Mount Joy, Laoca8t«r Connty. 
BrowuaviUe, Fayetto County. 
LewiabuTgh, Union County. 
WestchestHr, Cheater County. 
Pbiladi^lphia, Pbiladelphia County. 
Egypt, Lehigh Couuty. 
Mount Ruck, Cnmberland County. 
Ephrata, Laucaatjtr County. 
York Sulphur Springa, Adams Couuty. 
Weet Chester, Chester County. 
New Castle, Lawrence County. 



. Greenville, Mercer County. 

. Johnstown, Cambria County. 

, Beading, Berks Couuty. 

. Factory^'ille, Luzerne County. 

. Cannonsburg, (Col.,) Washington Connty. 

. HoTsham, Montgomery Couuty. 
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List of nuteordoffical stattoiu and observers /or the year 1871 — Continued. 



Name of ohwrver. 



pKXSSVlViSIA— Contin aed. 

SpensW. H 

SMcker, J. D 

Btarap, J.M.L 

Taylor, John 

Taylor, Bev. R. T 

Tolman, Bev. M. A 

Tomer, E 

Walker, S. C 

RHODK ISUHD. 

Barber, W. A 

BOCTH CABOLINIA. 

Comish,BeT.J.H 

Qibbon, Lardaec 

Petty, Cbailea 



Bancroft, Bev. O. F. P 

ColboDD, P. B , 

Doak, 8. 8. &,W.8 

I'Tftiikliii, Dr.W.E 

OrigBby, WiUiam T , 

I*wiB,C.H 

Payne, ProfteMr J. K 

Stenart, Pio&HOT W 



Wright, T.P.. 



AndereoD, Rev. J .. 

Baxter, Miss E 

Davia, Samuel 

FietMun, J...... ... 

Glasoo, J.H 

HeatoD.L-D 

Leoni, OeorRe N ... 

Martin, Allen 

PetterwnJF , 

SiDipMin,F 

Van NoBtrand, J . . 



Ballock, T 

Ford, A. C, and Cbarles Vieweg. . 

Lewis, James . 

Phelps, W.W 



Ephrata, Lancaster Connty. 
Hamlin town, Wayne Connty. 
Greenebiirgb, Weatmoreland Conntj. 
ConnellBTille, Fayette Connty. 
Beaver^ Beaver Connty. 
Frauklin, Venango Connty. 
Germantown, Philadelphia County. 
Fountaindale, Adams County. 



Nen'port, Newport Connty. 



Aiken, Barnwell Connty. 

Hacienda Salad a, Greenville County. 

Gowdeyarille, Union Connty. 



Lookout Monntftin, HnmUton County. 
Anatin, Wilson Connty. 
Greeneville, Greene County. 
Lagran)^, Fayetl« County. 
Trent«n, Gibson Connty. 
Elizahethton-n, Carter 'County. 
Knoxville, (ITniveraity,) Knox Connty. 
ClarkBville,( Stewart College, )Mon tgomery 

County. 
Clearmont, Warren Connty. 



Clarksville, Bed River Connty. 

Houston, Hania Connty. 

Deloraine, Hunt County. 

Bluff, Fayette County. 

Gilmer, Upshnr County. 

Lavaca, Calhonu County. 

Clear Creek Station, Galveston County. 

Clarksville, Bed River Connty. 

San Antonio, Bexar Connty. 

Oakland, Texas Connty. 

Austin, (Institntion for Deaf and Dnmb,> 

Travis County. 
Sand Fly, Burleson County. 
Clinton, De Witt County. 



Coalville, Summit Cnnuty. 
Camp DoukUh. Snlt Lake County. 
Harrisburgh, Wflshin^ou Connty. 
Salt Lake Citv, Salt Lake Connty. 



VEFMOXT. 



Barto, D. C.and M. £ Panton, Addison Connty. 

CnttiDK. H. A Lunenbureb. EsBex Connty. 

Doton,H.,andL. A.Miller Woodstock, Windsor Connty. 

Gilmonr, A. H. J Saint Allmns. Franklin County. 

■nuedy, J. C South Tniy, Orltims Counfy. ' 
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Ligt of meteorologiail rttriioiw and observers for the year 1871 — Oontinoed. 



Nnma of obeerrer. 



Vermont— Continned. 



Paino, C. S 

Pbeipe, Samuel B 

KoUinson, 0«o. W.... 

Wild, Eev.E.P 

WilliMM, EBT.E.G.. 

Wing,MiDerv!iE .... 



Binford, R 

Bowman, G. A .• 

Brown, Rev. James A . 

Campbell, Ptofeaaor J. L 

ChamberliD, Mta.S.£ 

Claike, Dr. James T, and Misa Belt Clarke. 

CoveU, J. C 

Oilliogbann, C 

Uornu, Captain D. B 

Jones B.W 

Martin, W. A 

Meriwether, C. J 

Moare, O. E 

Naval Hospital 

Payne, D 

Bobey, Bandolpb 

Shennan, J. U ................. 

Tayloe, E. T 

Thrift, Mies L.B 

Townsend, Emma C, ............. 



Wi]liain8,H.C.. 



VABHINGTON TEHMTORT. 



McCall,C 

SampBon, Alex. U 

Whitcomb, Thomas M . . 



WlSCOXBDt. 



De Lyier, John .. 

'*nnj;an, J. L 

Poye, ProfeKBor J. C . . . . 
Upliam, I. A., LL.D . 
LilpL Jacob and Hiw ( 

Mead,H.C 

ODonoghoe. .1 

Ptgler.TieT. G 

Shiiit«,H. J. 



East Bethel, Windsor County. 

Norwich, Windsor County. 

Monut Anthony, Bennington Connty. 

Craftsbary, Orleans County. 

Caetieton, (Normal School,) Rutland 

Coanty. 
Charlotto, Chitt«nden County. 



Znni Station, Isle of Wight Connty. 
Vienna, Falifax County. 
Wytheville, Wythe County. 
LexiDRton, Rockbridge County. 
Watetiord, Loudou County. 
Moant Solon, Augusta County. 
Staunton, Augusta County. 
Mount Vernon Township, Fairfax Connty. 
Cedar Hill, Albemarle Connty. 
Bacon's Castle, Snrnr County. 
Piedmont Station, Fauquier Connty. 
Lynchhurgh, Bedford Countj'. 
Johnson town, Northampton Coanty. 
Norfolk, Norfolk Count;. 
Markham Station, Fanqoiei County. 
Vienna, Fairfax Connty. 
Hampton, Elizabeth City Coanty- * 
Comom, King George Connty. 
Fairfax Conrt-Honse, Fairfax Connty. 
Capeville, Northampton County. 
Piedmont, Fauqniei Connty. 
Vienna, Fairfax Connty. 



Cathlamet, 'Wahkiakum Connty. 
Port An^elos, Clallam County. 
Union Bidge, Clarke Connty. 



Beloit, Rock County. 
Embarraa, Waupaca Connty. 
Eocky Hun, Columbia County. 
Madison, (Uuiversity,) Dane County. 
Uinghaio, Sheboygan Coanty. 
New Lisbon, Juneau County. 
Appleton, Outagamie County- 
Milwaukee, Milwaukee Connty. 
Manitowoc, Manitowoc Connty 
Waupaca, Wanpaca Connty. 
Hosinee, Maratbon County. 
Tunnel City, Monroe County. ., . 

Edgerlon, Rock Connty. . ,CjiOOQIc 
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Idat of meteorological gUUvms and observers for the year 1S71 — Contioaed. 



NameofobaerreT. 


AdOivw. 




WADtoma, WanahATA County. 
Bajfield, B&ffleld County. 
Baraboo, Sauk Conuty. 
Oenen, Wabaab CoQuty. 
Slargeon hay, Door Count;. 

Laramie City, Albany Cotmt;. 










WYouma TBBRHOBT. 





jM,Googlc 



UKTSOBOI.OOICA.L UATGBUL. 



ADDITIONAL METEOROLOGICAL MATERIAL RECEIVED IN 
1871 AMD KEPT IN THE SMITHSONIAN INSTITUTION. 

Albrce, Q., Ptttaburgit, Pennsylvania. — Record of weather and Jndica- 
tiona. 

Andrews, Luman, Soutkinjton, Conneeticttt. — Cbart of auroras seen 
October 14, 1870. 

BalUyu, Sakvm E., Sandicich, Illinois. — Moothly absti'acta of tempera- 
tare and rain-fkll observations. 

Annual abBtract for 1871. 

Barnard, A. />., San Buenaventura, California. — Account of nortiieru 
light seen June 17, 1871. 

Barnes, 0. W., San Ifiego, California. — Notes of observatisna made on 
a trip to the mountains. 

Barraud, A, L., Pacquetie's Ferry, Jotca. — Observatious of tempera- 
tore and state of weather at 7 a. m., 12 m., and 8 p. m. 

Bissey, Charles E., Iowa State Agricultural College, Ames, Iowa. — Ac- 
count of aurora seen Jaue 17. 

Bland, T., New IWl-.— Meteorological observations in Bai-badoes 
October, 1871. 

Boemer, Charles O., Vetay, Indiana. — Observations of August shower 
of meteors. 

Branly, E. H., Amesville, Ohio. — Account of weather and crops. 

Bryant, A. F., Fontanelle, Iowa. — Account of wind-storm. 

Buchner, H. F., Mveo, Creek Kation. — Thermometric observations for 
18ei and 1871 at 7 a. m., 2 and 7 p. m. 

Burros, 0., North Fairfield, Ohio. — Account of the great tornado of 
July 18. 

Butby, J). Benjamin, Pomaria, South Carolina. — Report of observations 
of wind and rain-fall, for November, 1871. 

Carlton, A. T., Stoutville, Camden County, Missouri. — Register of tem- 
perature and direction of wind from November 13 to November 30, 
1871. 

Central Park, New York. — Weekly abstract of barometric and thermo- 
metric observations at 7 a. m., 2 p. m., and 9 p. m., and of the direction, 
force, and velocity of vind, and amoDnt of cloDd and rain. 

Chase, Pliny E. — Monthly and annnal nun-carves at Lisbon. 

Chaztero, M. M., San Juan. — Observaciones meteorologicas en Octobre, 
1871. 

Clarlx, John. — Weather predictipns for August. 

Clemson, Thomas 0. — Climate of South Carolina. 

Cochrane, J. — Account of tornado near Mason City. 

Cockrell, Thomas J., Natchez, Mississippi. — Daily record of height of 
barometer and thermometer, 6 a. m., 12 m., and 6 p. m., and direction 
of wind. (Newspaper slips.) CiOOQ Ic 
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Cunniitgham, G. A., Lunenburghf itassaehusetu. — Monthly rain-table 
from 1841 to 1S68 and monthly means of temperature from 1838 to 1868. 

Curie, T. J. — Observations in sapport of theory that anril-shaped 
clonds always indicate rain. 

I>aviaon, C. E., Wayland, Michigan. — Weather report, 

Doton, JTotea, WoodttoeJc, Vermont. — Sketch of monntaius aroond 
KillingtoD, Vermont 

Udiearda, Daniel, Little Geaesee, New York. — Accoont of the weather 
during Aagoat 

Engineers, Battalion of, Willet's Point, yeto York Bailor. — Bonuy 
curves — ^barometer, thermometer, psychrometer. 

Emng, Charles 6., San I^anci^eo, California. — Monthly report of 
barometric, thermometric, psycbrometric, and rain-fall observations at 
8.30 a. m. (Newspaper slips.) 

Table ebowing quantities of rain falling in each month from 18C5 to 
1870. 

Fogle, D., WilUanuburgh, Kanaat. — Observations of temperature and 
rain-fall, 7 a. m., 2 and p. m. 

Foster, R. W., New Orleans, Louisiana. — Weather notes for Greenville, 
during October, 1869. 

Gatckell, H. T. Jl— Climate of Colorado Springs. 

Gleason, WiUiam, Avion, Maine. — Meteorological record for July, 
(temperature and wind observations at noon.) 

Grady, B. F., Jrj— Condensed meteorological observations for August 

Grant, W. T. — ^Diagram of thermometrical observations. 

Green, H. A., Atco, Sew Jersey. — Begisterof observations of tempera- 
ture at Atco, New Jersey, May, 1871. Thermometric observations from 
November, 1S70, to March, 1871. 

Greethurst, Joseph, Enterprise. — Monthly report of weather and crops. 

Hannah, 8. IF., yfaahburn, MissouH. — Eeport of raln-fiall in March, 
April, and May. 

Biggins, F. W., Detroit, Michigan. — ^Table showing highest and 
lowest range of the thermometer, mean monthly temperature, highest 
and lowest daily mean in each month, amount of rain and melted snow, 
monthly mean of clondiness, prevailing winds, &c., at Woodmete Cem- 
etery, near Detroit, Michigan, dnring the year 1871. 

Soward, Thomas T., Jr., Jersey City, New Jersey. — General remarks to 
accompany meteorological reports. 

Qnarterly report of meteorogical observations at Jersey City, New 
Jersey. 

Synopsis of meteorological register. , 

Hyland, W., Cherokee County, Kansas. — Monthly weather report 

Bough, G. W. — Description of automatic registering and printing ba- 
rometer. 

Jackson, George L., VandalUi, ifftnots.— Account of cold. 

James, J. W., Riley, i7Imots.— Summary of meteorol(«ic^ {Observations 
for the year 1871. ' <*' 
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Jewell, J. O., M. J)., Consul at Singapore. — Copy of Sarawak Gazette 
contaiaing report of temperature and rain-fall on the Qaop estate in 
Sarawat for 1870. 

Keutgen, C, Jr., Staten laUmd, New YorJc. — Meteorological observa- 
ioD8, for tbe year 1871. 
Synopses of meteorological obseirations. 

King, Thomaa D., Montreal, Canada. — Monthly register 4f thermom- 
etric and barometric observations. 

Kin0, William, Newton FaUs, Ohio. — Temperatare observations at 7 a. 
m., 2 and 9 p. m., and diagram of same. 
Langguth, J. 6., Jr., Chicago, Illinoie. — Account of hail-storm. 
Lapham, I. A., Milwaukee, TTiscaimn.— Dates of closing and opening 
of Milwaukee Biver fixim 1836 to 1871, and account of Wisconsin 
meteoric iron. (Newspaper slip.) 

Leoni, George N., Clear Tjoke, Galveston County, Texas. — Besult of 
meteotological observations for July, 1871. 

Leitis, George H., A tianiie, Wyoming Territory. — Monthly report of tem- 
perature aod rain-fall. 

Logan, Thomas M., Santa Barbara.— 'Teax^eraiaw, vital statistics, &c., 
of Santa Barbara, ("Santa Barbara as a saoitarium," in Sdentijie Fress.) 
MaiUer, I. F., BrooJclyn, New Torfc.— Account of the earthquake on 
Jane 19, 1871, (newspaper extract) 
Mapes, Henry H., Oshtomo, JlficAtj^n.— Monthly weather notes. 
Martin, jliten.— Meteorological observations for July, 1871. 
McCaU, C, Olympia, — Account of rain-stonu. 

McCord, K S., Springfield, Missouri. — Acount of rain-storm June 6, 
1871. 
Mills, George. — " How it feels to be struck by lightning." 
Moss, G. B., Belvidere, UKnois. — Monthly abstracts of register. 
Abstract of register for the years 1808, 1869, 1870, 1871. 
MueUer, Dr. R., Cartkageaa, Ohio. — ^Monthly record of casual phenom- 
ena, &c Appendix to register. 

NoU, Arthur £., New Oennantotcn, New Jerwy.— Monthly reports of 
range of barometer. 

OdeU, Fletcher, Oorltam, New Hampshire. — Weather notes from April 
to October, 1871. 

Owen, Benjamin, Weston, Lewis County, West Virginia. — ^Monthly ob- 
serratiouB of temperature at 7 a. m., 2 p. m., and 9 p. m. 

Palmer, Dr. E. — Scrap-book containing meteorological observations 
for points in Nebraska. 

PastoreUi & Co. — ^Description of storm rain-gauge, designed by G. J. 
Symona, for observation of rate of fall. 

Patterson, A. B., Saint Paul, JfiMJwgota.— Monthly meteorological notes 
(newspaper slip.) 

Payne, John K., Knoxville, Tennessee. — Account of weather and crops, 
July and August, 1871. 
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Peelor, D., JohasUnim, Pennsylvania. — Table giving temperature of the 
eartli at depth of 1 foot, from April, 1869, to April, 1871, inclusive. 

Pettergen, Fred., San Autonio, Texas. — Diagram FepreseotiDg the 
relative frequeocy of the different triads, according to observations 
made during three years. 

Mean temperature and rain-fall at San Antonio de Bexar, 1868, 1869, 
1870, 1871. 

PUttt, Luciano, San Salcador. — Observaciones meteorologicas bechas 
en el laboratorio de la facnldiid de medecina de San Salvador durante 
la semana oona de 1871. Semana segunda. 

Poole, Senry^ Qlaee Bay, Cape Breton, Nova Scotia. — Meteorological 
register kept during the years 1867, 1868, 1869, 1870, 1871. 

Reddhtg, Thomas B., Seweastle, Indiana. — Account of anrora seen 
June IS. 

Reed, Lyman, New Tori:. — Lunar monthly ^Feather predictions. 

Sarticell, H. P., Penn Yan, Neie Yoric — Register of meteorolo^cal 
observations. {Prepared for Yates County Whig.) 

Seltz, Ckarleg, De Soto, Nebraska. — Acconnt of storm of July 28, 1871. 
(Newspaper slip.) 

Account of rain-storm in Omaha. 

Shepherd, Smiley, Hennepin, IlUnois. — Monthly abstract of tbermome- 
tric observations. 

Signal-Office, Washington, D. C. — Daily weather maps, 7.35 a. m.; daily 
weather bulletins, 4.35 p. m. 

Barograms for November, 1871. 

Sisson, Rodman, Abinyton, Pennsylvania. — Account of a violent hail 
' and wind storm, and account of a terrible tornado at Hopbottom, July 
9, 1872. 

Account of auroral display of October 16, 1871. 

Table showing mcao temperature of each year from 1864 to 1870, 
inclusive. 

Slade, JEliaha, Somerset, Masaachusetts, — Montlily report of observa- 
tions of maximum, minimum, and mean temperature, direction of wind, 
and state of weather. 

Mean temperature third and fourtb quarters 1871. 

Smitksonia* Institutioti, Washington, D. C. — Diagrams from recording 
barometer and thermometer. 

Snow, F. S., Laterence, Kansas. — Summary of meteorological observa- 
tions for the year 1871. 

Barometric, thermometric, and psychrometric observations, 7 a. m., 2 
p. m., 9 p. m.; direction of wind, amount of rain, force of vapor, &c 

Stephenson, James, Saint Inigoea, Maryland. — 'Weather tiotes for April, 
1871. 

Steineman, U., Eckhart Mine, AUegltany County, Maryland. — Rain-fell 
observations, 1864 to 1868, inclusive. 

Sutton, E. H. — Diagram of meteorological observationa. -^^i , 
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Stemberff, George M. — Description of improved anemometer. 
TaytMf Edward. — Weather report. 

Tennent, Thomas, San Fraridsco, Caiifomia. — Rain-fall for parts of 
1849-1850. 

Truman, George 8-, Santee Agency, X^raska. — Monthly report of tem- 
perature, direction of wind, and state of weather. 
Diagrams of parhelia, iNovember 22, 1871. 

Turner, Ernest, Germantown, Pennsylvania. — Effect of lightning in 
West Philadelphia during storm of Jaly 11, 1871. 

Wadsworih, S. L., lAtchJield, Minnesota. — Diagram of halo seen from 
Litchfield, December 27, at 9. p. m. 

Walton, F. P., Muscatine, loica. — Coodeoaed report for 1871. 

Webb, John G., Little Sarasta, Southern Florida. — Notes ou two oydoDes 
in Angust, 1871. 

Whiteomb, Thomas 3L, UhUm Ridge, Clarke County, Washington Ter- 
ritory. — Aurora observed July 21, 1871. 

White, J. S., Cincinnati, Ohio. — Summary of meteorological observa- 
tions for the year 1871, made at the Mount Auburn Young Ladie^ 
Institute. 

Whitehead, W. A., Xeicark, Neic Jifr8cy.r-Tearly meteorological report 
for 1871. 

Wilbur, Benjamin F., West Waterrtlle, Maine. — Rain-fall in Angnst, 
1871. 

WiUiams, S. C, Vienna, Virginia. — Synopsis of obaervatJons made 
by Franklin Williams, of Piedmont, Faaqnier Cknnty, Virginia. 

WiUiains, E. Q., Castleion, Vermont. — Diagrams exhibiting compui- 
8on of Mason's and Boehlen's and Staehlen's hygrometers. 

Wing, Minerva E., West Charlotte, Vermont. — Account of sunrise-phe- 
nomena. 

Record of periodic phenomena at West Charlotte, Yermoot. 

Weekly meteorological records, (newspaper-slips.) 

Witter, D. K., Woodbine, iotoo.— Account of the weather. 

Wright, T. W. A.— Eain-table and remarks on climate for a porljjon of 
Sao Joaquin Valley, California. 
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METEOROLOGICAL ARTICLES RECEIVED BY THE INSTITQ- 

TION AJSD DEPOSITED IN THE LIBBAET OF CONGRESS, 

1871. 

AUBOBAS. 

Aorore bor&ile et aatres ph^Dom^Des m^t^rologiqaes obsenr^s en 
Pi^mont le 3 Janvier 1870. 

Aurora polare osservata in Piemoate nel 5 Aprile 1870. P. Fran- 
cesco Denza. 

Le anroie boreali e la loro origine cosmica. Professor G. B. Donati. 

Anrorrf belt of October 24, 25, 1870. American Jonmal of Science 
and Art, vol. i, pp. 73, 126. 

Aorore bor^e da novembre. Observations faites & Brest, par M. 
Tany. Comptes-rendns faebdomadaires des stances de I'acadSmie 
des sciences, tome Ixviii, No. 21. 

Anrores boi^esobserv^ & Yenddme en 1870. E. Benon. Comptes- 
rendns hebdomadaites des spaces de I'acad^mie des sciences, tome 
Ixxii, No. 10. 

Observations on the variation of the magnetic declination in conoec- 
tion with the aurora of October 14, 1870, b,v Alfred M. Mayer. Ameri- 
can Jonmal of Science and Art, voL i, p. 77. 

Observations snr les relations qni existent entre les apparitions defl 
aorores bor^es et les variations de temp^ratnre. Ch. Sainte Claire De- 
ville. Comptes-rendns bebdomadaires des B&toces de I'acad^mie des 
sciences, tome Ixxii, No. 13. 

Becent anrond displays in the United States. American Jonmal of 
Science and Art, voL i, p. 309. 

BelatiOD of aororas to gravitatton-cnrrents, by Pliny E. Chase. Amer- 
ican Journal of Science and Art, voL ii, p. 311. 

Snr les anrores boi^es des 9, 18 et 23 avril vnes en Italic. L. P. 
Denza. Comptes-rendns bebdomadaires des stances de I'acad^aiie des 
Bcien^es^ tome Ixxiii, No. 1. 

Snr I'aorore bor^ale du 9 avril 1801, observtSe & Angers. A, Chenx. 
Comptes-rendns bebdomadaires des stances de I'acadSmie des sciences, 
tome Ixii, No. 24. 

Snr I'anrore bor^ale observe en Italic le 12 fSvrier 1871. P. Denza. 
Comptes-rendns bebdomadaires des stances de I'acad^mie des sciences, 
tome Ixxii, No. 13. 

Note concemant nne aorore bor^ale et divers antres pb^nom&nes m^- 
t^rologiqoes observes en Pigment le 19 jaiUet 1869. Mf^moires de 
I'acad^mie des sciences de I'institnt de France, tome Ixx. 

EARTHQUAKES. 

Earthquake in New Jersey, Delaware, &c. American Journal of Sci- 
ence and Art, vol. ii, p. 388. dmi^ii GoOqIc 
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On the supposed cartbquake-wave, by Mr. Ellery. Transactions and 
proceedings of tbe Koyal Society of Victoria, vol. ix. 

Osserratione sul terremoto del 26 Agosto 1860 pell' Palmieri. Een- 
diconti dell' academia dclle scienze fisiche e matematicbe, Sept. 1SG9. 

Alcnui osscrvazioni in proposito do terrcmoti di sannicandro. £eD- 
(licouti dell' academia delle Bcieuze flsiclie e matematicbe, Sept. 1869. 
I'almieri. 

Tromblement de teire i Douai le 25 Janvier 1807. Bulletin agricole 
de I'arrondissenient de Douai, anuiies 18C6-'07-'C3-'G9. 

Note 8ur les tremblements de terre en 1808, avoc supplements pour les 
anu^s ant4rieures. Alexis Terrey. 

Sar les tretoblemeuts de terre ct les (Eruptions volcaniqucs dans I'ar- 
cUipel Hawaien en 1868. Par M. Alexis Perrey. 

Loa ecos de una tempestad seismica. Vargasia. Boletiu de ciencias 
fisicas y naturales de Caracas, Xo. 5, 1868. A. Eojos. 

ELECTRICITY. 

Sotice BUT la production successive d'^clairs identiques, aux memes 
lieui de I'atmoaphfere, pendant Torage du 2 juillet 1871, par M. Mou- 
tigny. Balletia de Tacad^mie royale des scieuces, des lettres et des 
))eaax aits de Belgique, No. S. 

H^moire sur I'origine celeste do I'electricit^ atmospb^rique. Comptes- 
rendoa liebdomadaires des s(-ance3 de raead^mie des sciences, tome 
Isxii, No. 23. 

FORESTS, IMFLUEKCE OF, ON CLIMATES. 

Annual report and transactions of tlie Adelaide Pbilosopbical Society 
for the year ending September 30, 1871. Dr. Scliombnrgh. 

De la temperature de I'air liors bois et sous bois. Des quantity's 
(I'eao tomb^a prfes et loin des bois. Par MM. Becquerel et fila. M6- 
moires de I'acad^mie des sciences de Piustitut de France, tome xxxv. 

GENERAL METEOROLOGY. 

Snggestiuns on a uniform system of meteorological observations. 
Ctreclit, 1872. 

American weather-notes. Pliny E. Cbase. American Journal of Sci- 
ence and Art, vol. ii, p. 08. 

Syrapt^mes du temps, determines par I'etude des regions superieures 
lie I'atmosphfere. Comijtes-rendus bebdomadaires des s^auces de Taca- 
demie des sciences, tome Ixxii, No. 13. 

Zeitschrift der osterreicbischen Ge^ellschaft fiir Meteorologie. Kedi- 
girt von Dr. C. Jelinek und Dr. J. Habn. Wien, 1870. 

Fisica del globo. G. Boceardo. Geneva, 1808. 

V'erschiedeue gesammelte Notizen. Hagenback. Verhandlungen der 
fiatnrforschendcn Gesellschaft in Basel, funfter Theil, drittes Heft. 

Bepertorium tur Meteorologie. Heransgogeben von der kaiserllchen 
Akademie der Wisaenschaften. Band ii, Heft i. * - i 

6871 r.v,N....,G00glC 
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Sot la loi d'^volation similaire des ph^oomtnes m^t^orologiques. A. 
Poey. Comptes-rendns bebdomadaires des stances de I'acad^mie dea 
sciences, tome Ixsiii, No. 14. 

HAIL. 

Salzhagel vom St. Gotthard. Vierteljalirsschriftder nattirforscbeii- 
den Gesellscbaft io Ziiricb. 

Sur la ^le totnb^e le 22 mai 1870, par M. Trecul. Sl^moires de 
Facad^mie des sciences de I'institut de France, tome Ixx. 

M^moire sur les zones d'orages i givle dans les d^partementa d'Eare- 
et-Loir et Loir-et-Cher. Memoires de Tacadti'mie des sciences de I'institot 
imperial de France, tome ssxv. 

La bourrasque du 11 juillet et les orages ^ gri-le dans Test de la France. 
Goyot, Comptes-rendas bebdomadaircs des seances de l'acad<'mie den 
sciences, tome Ixxiii, No. !>. 

HALOS. 

Halo IiHiaire vw de deux stations dittV'n'ute?;. W. De Fonvielle. Oomii- 
tes-rcndus bebdomadaircs des sc-auces de lacudeiiiie des scieiices, toicf 
Ixxii, No. 9. 

Unasaal exliibitiou of balos. American Journal of Science and Art. 
vol. i, p. 150. 

INSTRUMENTS. 

A barometer without mercury. Journal of tbe Frankliu Institnl*-. 
vol. 62, p. 81. 

Notes on aneroid-barometers and on a metbod of obtaining their errors 
Ellery. Transiictions and proceedings of tbe Eoyal Society of Victoriiu 
vol. ix. 

Tide-gauge for cold climat«s, American Journal of Science and Art. 
vol. ii, p. 07. J. 31. Batcbelder. 

Description d'un m^it^orographe enregistreur, construit pour I'obser- 
vatoire d'lTpsal. Dr. A. G. Theorell. 

Ueber die Leistnngen eines an der k. k. Centralanstalt fiir Meteo 
rologie befindlicben registrirenden Thermometers. Voa Dr. C Jelinek. 

Ein Barometer ohne Quecksilber. Ans der Natur,neHe Folgc, 46. Band 

Formel fur barometrische Hohenmessung. Yerhandlungea der naltir- 
forschenden Gesellscbaft in Basel, fiiufter Thcil, drittes Heft. 

FiiUuDg Ton Barometen-obrcn ohne Kocben. Aus der Natnr, neup 
Folge, 46. Baud. 

Ueber eine Methode zur Fiillung der Barometerrobren. Archiv der 
^[athematik nod Pbysik, dreiuudfunfzigster Tbeil, viertes Heft. 

Descrizionl dell' igrotermografo del B. osservatorio di Modenadel Prof. 
Domenico Ragona. Aonuano della societa dei naturalisti in ^Modena. 
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On a new instrnment for recording minnte vnriatioQS of atmospheric 
pressure. Wbitehouse Wildman. Proceedings of the Koyal Society, 
vol, six, No. 129. 

LOCAL METEOROLOGY. 

EUROPE. 



Zeitechrift der ostcrreichischen Ge^ellschaft fiir Meteorologie. Redi- 
girt voD Dr. C. Jeliaek uud Dr. J. Ilabn. Wien, 1870, 1871. 

Mat«ryaly do klimatografii galicyi zebraae przez Bekcye meteorolo- 
giczna koinisgi fizyograficzn; nauk Krakow kok 1870. C. K. Towarzettva. 

Uebor die tiiglicbe iind jiihrliclie Periode der relativeu Fenclitigkeit, 
Wien, Sitznug.sberichte der kais<'rlicUeu Akademie der WiHsenscbafteu. 
Oct. 1S70. Wittek. 

BKLGIUII. 

Observations dcs pbenomtnes pCriodiques pendant Tatinee 1800, 
(Estrait du tome sxix des M^moires de raeadcinie toj'alede Uelgique.) 

Annales m^ttorologiques de I'observatoire i-oyal de Brui^ellcs, par A. 
Qaetclet, 1860. 

DENMAItK. 

AftTsberetniug fra det kongelige Landbiisbolduingselskabs mrteo- 
i rologiske Komite for 18G8 and 1S(>». 

ENGLAND AND SCOTLAND. 

Ixmdon — Quarterly weatber-reports of tbe Meteorological Office, April 
to September, 1870. 

Bemarks on the weather during the qnartor ending June 30, 1871, by 
James Glaisher. 

Proceedings of tbe Meteorological Society, June, 1871. 

Oxford. — Results of aatrononiical and meteorological observations at 
Radcliflftt Observatory, Oxfoixl, for the year 1808, by Robert Main. Ox- 
ford, 1871. 

Brighton. — The climate of Brighton, by Samuel Barker, Edwin Row- 
ley, and Fredk. Eruest Sawyer. {Repriuted from tbe Brigbtou Daily 
Sews, June, 187L) 

Comicall. — Meteorological notes for 1870. Journal of tbe Royal Insti- 
tution of Cornwall, Apiil, 1871. 

Scotland. — Jooroal of the Scottish Meteorological Society, with tables, 
1871. 

FRANCE. 

Sote stir le service meteorologique de I'observatoire de Paris. Comp- 
tes-reudoB faebdomodaires des stances de l'acad6mie des sciences, tome 
Ixxii, No. 8. Delannay. 

Note sur Fhiver de 1870-71. Comptes-rendns faebdomadftirea^des 
B^ances de Tacad^mic des sciences, tome Isxii, No. 10. ' ' ' <^ 
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Siir le froid du dtiteinbre 1871. Couiptesrendus liebdomitdaircs 
dC8 sditnces de I'acaduiaie des sciences, tome Ixxiii, No. 24. 

Sur lea froids de d^cembre 1871. Comptesrendtis hebdomadaires 
des sc-aiices de I'acadiiiiiie des sciences, tome Ixxiii, Ko. 2j. 

Des retours ji^riodiques de certains pb^nomiues en mai, aofit et no- 
veuibre IHliS, fijvrier 18C9. Memoires de l'acad<iuiie des scieoces de 
I'itistitiit de France, toine xxxv. Cli. Saiiite Claire Ueville. 

Observations sur le froid de 9 d^cembro eu divers poiuts de la France. 
Cijniptes rendus hebdomadaires des siiituces de Tacad^mie des sciences, 
tome Ixxiii, So. !ij. 

Observations sur les relations qui esisteut outre les apparitions des 
aurores bordates et les variations de temperature. Comptes-rendus beb- 
do:nadairc3 des stances de I'acadtimie des sciences, tome Ixxii, No. 13. 

Sur la pnScocit6 dii froid en 1871. (Jomptes-reudiis bebdomadaires 
des stances de I'acadtJmie des sciences, tome Ixxii, No. 24. 

Sur le froid de deeembre 1870, ct sur la pCriode des granda bivers 
signalde, par M. Bcnon. Comptes-rendus bebdornadaiix's des stances 
de Taead^raie des seieuces, tome Isxii, No. 1. 

Sur les caractiires de Tbiver 1870-71, et sur la comparaisou de la tem- 
p(Jraturo niojenne i I'observatolre de Paris et k I'observatoire ni^t^o- 
rologique central de Montsouris. Comptes-rendns bebdouiadaiies dos 
6(^ances de I'acad^mie des sciences, tome Ixxii, No. 13. 

Sur les froids du IS mai et des premiers jours de juin. Comptes-ren- 
dus bebdomadaires des stances de I'academie des sciences, tome Ixxii, 
No. 23. 

Balaii. — Observations niL't6orologiques faites par M. Doumet, jan.-juiu 
1869. Annales de la, society d'borticulture d'AUier, tome cinquieme. 

Colmar. — Observations mdt^orologiques faites 4 IVcole normale de 
Colmar pendant Tanu^e 1809. Rete^'(i dress^ par M. Anibruster. Bulle- 
tin de la Boci^t^ d'bistoire naturelle de Colmar, 1870. 

Paris. — Bulletin nuit^orologique de I'observatoire de Paris. Comptes- 
ivndus bebdomadaii'es des stances de Tacadf^mie des sciences, tome Ixii, 
No. 6; 

The same. Tome Ixxiii, Nos. 1, 6, 10, 14, 18, 19, 22. 

Auniiaire de la sociiStiS m^t^orologique de France, 1SC8. 

Montpellier — L'hiver de 1S70-'71 dans le Jardin des plantes de Iklont- 
pellier. Cb. Martins. Comptes-rendus hebdomadaires des stances de 
I'aead^mie des sciences, tome Ixxii, No. 18. 

Montsouris. — Bulletin de I'observatoire central de Montsouris. June 
to December, 1870, and 1871 complete. 

Souvelles m^t^orologiques. Publi^ea sous les auspices de la soci^te 
nu'-t^orologique de France et de I'observatoire m6teorologique ceutral 
de Montsouris. Oct. Nov. Dec. 1870. 

Le JUaiw.— Observations m^t^orologiques, par D. Bonhomet. UulletJn 
de la societo d'agricnlture, sciences et arts. 

Tours. — Observations m(?t6orologiques faites par ^. DeTastes. Aq- 

;,CoogTc 
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nales de la soci^t6 d'a^ieulture, sciences, arts et belles-lettres <lu <16- 
partement d'lndre-et-Loire. 

ObservatioDS m^t^orologiques des mois d'aobt et septembre. Aunales 
de la soci^t4 d'agriculture, sciences, arts et belles-lettres du d^partement 
d'ladre-et-Loire. Gent-dixi&me amit^e, tome 1. 

AUaee. — Essais sur le climat de FAlsace et des Vosges. Chas, Grad. 
Bolletm Oe la 60ci^t4 d'bistotre naturelle de Colmar, 1870. 

iDtrodaction ii I'dtade tn^t^orologiqae de 1' Alsace, par G. A. Hirn. 
Bnlletin de la soci^t^ dliistoire naturelle de Colmar, 18T0. 

Lyons. — Commission m^t^orologiqae do Lyon, 1S69. 26^ anu^e. 

Douai. — Observations in^t6orologiqnes, par M. Offret. M6moii'es de 
la 80ci6t6 imi)€riale d'agricultnre, de sciences et d'arts, stiaut ii Douai, 
deaxi&me s^rie, tome ix, lSC0-'07. 

£tnde8 de m^t<!orologie. MtSnioires de la society inip^riale d'agri- 
cultare, de sciences et d'arts, scant h Douai, deuxieme serie, tome viii, 
1363-'65. 

Eenon. — Sur les earactcres de I'biver 1870, 1S71. Comptes-reudus 
kbdomadaires des stances de I'acad^mie des sciences, tome Ixxii, !No. 25. 

Salicig. — Sur un ph4nom^ne m^t6orologique observe ^ Houlgate (pres 
Divee) le 7 sept. 1871. Comptes-rendus hebdomadaires des stances de 
Facad^mie des sciences, tome Ixxiii, Ko. 11. 



Bcsultate aus den meteorologiscben Beobaehtungen angestellt an den 
fiiofnndzwanzig konigiich-sUchsischen Stationen im Jabre 18CS und 1869. 
Bearbeitet von Dr. C. Bruhns, Dresden. 

Meteorologische Beobaehtungen angestellt auf der Leipziger Stern- 
f arte im Jabre 1870. Zehnter Jaliresbericbt des Vereins von Freundeu 
iler Erdkunde zu Leipzig, 1870. C. Brulins. 

DiirJcheim. — Meteorologische Station zu Diirkbeim. xxviii. und xzix. 
Jahresbericht der Pollichia. 

Eogtoci. — Meteorologische Beobaehtungen. Festschrift fiir die 44. 
Tersammlang deutschcr Xaturforscber und Aerzte, Bostock, 1371. 

MeiMcn. — Zusammenstellnng der itionats- und Jahresmittel aus den 
zn Meissen im Jabre 1871 angestellteu tUglich dreimaligcn meteorolo- 
giscben Beohachtnngen. 

Poten. — Das Klima von Posen. Bcsultate der meteorologiscben Beo- 
baehtungen aaf der koniglich- meteorologiscben station zu Posen in den 
Jahreu 1848 bis 18C5. Dr. Albert Magener. Posen, 1868. 

Ueber die tagliche und jiihrlicho Periode der relativen Fenchtigkeit 
in Wien. "Wittek. Aus dem Ixii. Bde. d. Sitzb. d. k. Akad. d. Wissen- 
Mh., ii. Abth., Oct.-Heft, Jahrg. 1870. 

O'orlitz. — Meteorologische Beobaehtungen vom 1. Dec 1866 bis 30. 
Sov. 1870, von E. Peck. Abhandlungen der natarforschenden Gesell- 
I'chaft zu Giirlitz, vierzehuter Baud, ( ' I . 

Leipzig, — Meteorologische Beobacbtnii gen angestellt auf derti?ipzi{^ 
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Sternwarte im Jahre 1870, Ton C, BniUnfi. Zelmter Jahreabericlit dea 
Vereina von Frennden der Erdkuade. 



Milan. — Osserrazioui nietvorologicbe. Edemeridl astronomiclie di 
Milaiio per I'acno 1871. Publicate dal dircttore del reale ossen-atono 
di Brera. 

Modena. — >reteorografia dell' autonuo 18C9 iu Modeiia del log. Anni- 
bale Kicco. Annuario della societa dei uaturalisti iu Motlena, anDO v. 

Monealieri. — Bulletino meteorologico dell' osservatorio del realcoUegio 
Carlo Alberto, vol. iii, 1607-68. 

Tbe same. lSfi9-70. 

Naples. — Specola realc diSapoli a 14(1""" sul mareosservatioueDieteo- 
riche fatte dal astronomoassisteDte,T.BriosL-h. Kt^udicooti delF acade- 
mia delle scieitze flidiclie e uiatcmaticbe. 

Palermo, — Bulletino meteorologico del R. osservatorio di Palermo. G. 
Oacciatore. 

Padoca. — Meteorologia Italia, delle leggi del clima di Padova. Fran- 
cesco ZantedeKcbt. Commentari doll' ataueo di Breseia i>et gli aniii 1865, 
1866, 1807. 

Turin. — Bnlletino meteorologico ed astronomico del regio osservatorio 
delli aniversita di Torino, 186!>. 

Osservazioni meteorologicbe di Decembre 1871. Rcndiconti reale isti 
tnto Lombardo di scienze e letterc, vol. iv, p. 779. 

Ancona. — Meteorologia ancouitaDa dal 1 Dec. 1S63 al 30 Kov. ISCS. 
F. De Boaia. 

Bnlla organizzioiii del aervizio meleorologico nei porti di mare del 
regno d'ltalia. 

NErnBELASDS. 

Nederlandscb met. Jaarbock voor 18C9, utgegeven door het koniiiklijt 
nederlaadsch meteorologisclie Inatituut. [2 vols.] Utrecht, 1870, 

NORWAY. 

JMmoire snr les orages eu Norvege, par M. Mobn. Memoires de 
I'acadf^mie des acieoces de I'iuatitut do Fraueo, tome xsxv. 

Observations des orages en K"or\-^ge pendant I'ann^'e 1869, par 31. 
Molin. M^moires de I'academie des acieuces de I'iustitut de France, 
tome Ixx. 

PORTCGAL. 

Luboii. — Aunaes do observatorio do Infante a Lniz, 18G5, 'CG, '67, '68, 
'69, and '70. 

RUSSIA. 

Annates de l'obsor\atoire pliysiquc central de Uussie. Publit^ea par 
B. Wild. Auueos 1807 et 1868. n,-..^.^].-. 
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Dorpat. — Meteorologisclie Beobacbtiingen angestcUt in Dorpat im 
Jahre 1866-1870. 

St. Petersburg, — Jabresberiebt ties physikaliscliea Centralobservato- 
rioms fiir 1870. Von H. Wild. 

Bepertorinm fiir Meteorologie. lU'rausgegebeo von der kaiserlicben 
Akademie der Wissenscbat'teii. Kedigirt von Dr. H. Wild. Band ii, 
Heft i. 

Moacoir. — Observations muteorologiques faites 4 1'inRtitut des arpen- 
tenrs do Moscou par J. Weinberg, juillet a d^cembre 1870. Bulletin do 
\a soci^te imp«;rialo des oaturaliates de Moscou, 1871. 



Madrid. — Observacioues meteorologicas efectuadas eu el observatorio 
de Madrid, Dec. lS07-Nov. 1808. Madrid, 18C9. 

Resutnen de laa obaervaciones meteorologicas efectuadas eu el penin- 
sula, Dec. ISfifi. JIadrid, l.SO!). Dee. 18C7-Sov. 18G8. Madrid, 1870. 

SWEDEN. 

Upsal. — Bulletin met(?orologique meusuel de I'observatoire de I'univer- 
ait* d'Upaal, vol. i, 1-5 ; vol. ii, 1-0, 7-12 ; vol. iii, 1-6. 

SWITZEELAND. 

Schweitzerisclie me'teorologisebe Beobacktangeo. Dec., 1869; Jan., 
Feb., Aug., Sept., Dec, 1870; Jan., Feb., March, Jnne, July, 1871. 

NeutAAtel. — E*sum6 dee observations m^tfiorologiqnes faites ^ Nea- 
chatel dans le 18*°' siecle, de I'anii^ 1760 ^ 1800. Bulletin de la soci^t^ 
dee sciences naturelles deXeuchatel, tome ix, premier cabier. Cb. Kopp. 

NORTH AMERICA. 



Toronto Magnetic Observatory. — General Meteorological Register for 
1870. 

Meteorological tables for Toronto. Canadian Journal of Science, Lit> 
eratnre and History. 

Le uatnraliste canadien. 

NOVA SCOTIA. 

Sali/ax. — Diurnal and annual variations of temperature at Halifax, 
Sova Scotia, from bi-hourly observations by T. Allison, M. A., during 
tbe three years 1807-'C9. G. T. Kingston. Canadian Journal of Sci- 
ence, Literature and History, May, 1871. 

UNITED STATES. 

Loicer California. — "LaBajaCalif'omia.''Observacionesmeteoro1ogic8S 
bechas en el pnerto de La Paz por Jos4 Fidel, Pujol socio corresponsal 
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de las sociedades di gcograpbica y estadistic-a y liistorica uataral. Jau- 
vaty to December, 1870. 

District of Columbia, Washington. — AstroDOmical and meteorological 
oliserratioDS, United States Na%'al Observatory. 

Oeorgia, elimatology. — Health and profit as fouud io tlie billy piDe- 
region of Georgia and South Caroliua. S. B. Habersham, M. D. 

Maine, Orono. — Meteorological register for 1870. M. C. Femald. 
Report of the College of Agricaltnre and the Mechanic Arts, Orouo, 
Maine. 

South Carolina. — Allien, by Amory Coffin, M. D., and W, H. Ged- 
dings, M. D. 

JVew York. — Report of the director of the meteorological observatory. 
First annual rei>ort of the board of commissioners of the department 
of public parks. 

Pennsylvania, PMUuielpkia. — ^Meteorological data. Journal of the 
Franklin Institute, vol. 02, p. 224. 

A general abstract of meteorological pliooomena for IStiS. Jonmal 
of the Franklin Institute, February, 1869. 

Comparison of meteorological phenomena of 18GS with those of 1867 
and the last 17 years. Journal of the Franklin Institute, February, 
1869. 

Comparison of meteorological phenomena of December, 1868, with 
those of December, 1867, and of the same month for eighteen yearsi 
Jonmal of the Franklin Institute, February, 1869. 

Neto Hampshire, Mount Washington. — Meteorological observations. 
American Journal of Science and Art, vol. i, p. 149. 

WEST INDIES. 

Trinidad. — On weather. G. Webbe. Proceediugs of the Scientific 
Association of Triuidad. 

SOUTU AMERICA. 

Contributions to our knowledge of the meteorology of Cai)e Horn 
and the west coast of South America. London, 1871. 

Caracas. — Cuadros meteorologicos. Vargasia. Bolctin de ciencias 
fisicas y naturales de Caracas, No. 1-3, 1868. A. Aveledo. 

Eatrellas cadentes de Novierabre 1869. Vargasia. Boletin de la ro- 
ciedad tie ciencias fisicaa y naturales <Ie Caracas, No. 7. 

Observaciones meteorologicas en Caracas, alio de 1869. Vargasia. 
Boletin de ciencias ftsicas y naturales de Caracas, No. 5, 186S. No. 7. 

AUSTRALIA. 

Neio South Wales. — Abstract of meteorological observations made in 
Kew South Wales during the years 1865-'66. 

Abstract of meteorological observations made in New South Wales 
Qp to the end of 1869, with remarks on the climate, b|^ ,^Q; j^ssell. 
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Results of meteorological observations made in New SoiitlL Wales 
daring 1S70, nnOer the direcfioo of H. C. Russell. 

Meteorological observations made at the government observatory, 
Sydney, under the direction of George E. Smalley, 1807-'6S-'09-'7O. 

Met«orological observations made at the government observatory, 
Sydney, for April, Jlay, and June, 1871, by H. C. Uussell. 

NEW ZEALAND. 

Meteorological report for 1870, including returns for 18C0 and ab- 
stracts for previous yearw, by James Ilcctor. 



India, Calcutta. — Abstract of the results of the hourly meteorological 
observations taken at the surveyor general's office, Calcutta. Proceed- 
iDfsof the Asiatic Society of Bengal. 

Meteorological observations, July and August, 1871. Proceedings of 
the Asiatic Society of Bengal, No. is, September, 1871. 

Report on the meteorology of the I'mijab for the year 1870, by A. Neil. 
Lahore, 1S71. 



Sitfc;. — Rechcrches sue le climat de I'istbme de Suez, par M. Rayet. 
Memoires de I'acadOmie des sciences de Tiustitut do France, tome xxxv. 

MAGSETISJI. 

Contributions to terrestrial magnetism, No. xii. The magnetic survey 
of the British Islands reduced to the epoch 1S42-'-1j, by General Sir Ed- 
ward Sabine. Philosophical transactions of the Royal Society of Ixm- 
don for the year 1870, vol. 160, part ii. 

Magnetic observations made during a voyage to the north of Europe, 
and the coasts of the Arctic Sea, in the summer of 1S70. By Captain 
Ivan Belavenetz. Proceedings of the Royal Society, vol. six, No. 127. 

Note snr la variation diurne lunaire et sur la variation st^culaire de 
la dfelinaison maguC-ttque. M. Brown. Comptes-rendns bebdomadaires 
des stances de Tacad^mie des sciences, tome Ixxiii, No. 2. 

Observations des d^clinaisons de Taiguille aimant^Se faites iV I'obscrva- 
toire de la marine & Toulon depuis rann<;e 1866 fk 7h. 30m. d« matin. 
Comptes-rendus bebdomadaires des seances de I'academie des sciences, 
tome lixiii, No. 15. 

Observations magnetiques de 1S70. D. JlUHcr. Coniptes-rendii:' 
bebdomadaires des s«5ances de Tacadcmie des sciences, tome Ixxiii, 
No. 9. 

Results of seven years' observations of the dip and horizonfal force 
at Stonyhurst College observatory, from April, 1863, to March, 1870. 
Proceedings of the Royal Society, vol. xix. i ,Coo<jlc 
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Magnetical observations made at Stonyhnrst College obtiervatorj from 
April, 18C3, to March, 1870, by Kev. S. J. Perry. 

IlaUey's Magnetic Cttart. — (Photograpliic copy of the origiual in tbe 
libnirj' of the British Museum.) 

Obseirations on the variation of the magnetic declination in con- 
nection with tbe aurora of October 14, 1870. Alfred M. Mayer. Ameri- 
. can Journal of Science and Art, vol. i, p. 77. 

Note sur la variation tiinrue lunaire et sur la variation s^calaire de la 
< (Icclinaisou magnctiQue. Browu. Comptes-rendns bebdomadaires des 
seaneea de l'acad<imie de8 sciences, tome Ixiii, No. 2. 

Note sur lea indications de I'aiguille aimant^e h I'approche d'ane 
temp£te. Fortin. Comptes-reiidushebdomadairesdesseancesderacad^ 
mie (les sciences, tome Ixxiii, Ko. 3. 

Kecords of the magnetic observatious made at the Kew Observatory, 
No. IV. Analysis of the principal disturbances shown by the horizon- 
tal and vertical foi'ce magnetometers of the Kew Observatory, from 1859 
to 1864, by General Sir Edward Sabine. 

Osservazioni della declinazioni magnetica. A, de Gasparia. Beudi- 
conti dell' acadcmia della scienze fiaiche e matematicke, June, ISGO. 

MAGKETIC AND METEOROLOGICAL OBSERVATIONS. 

Bcanlts of the magnetical and meteorological observatious made at 
tlie Royal Observatory, Greenwich, England, 1869, 

Stonyhnrst College observatory. Kesults of meteoroIog;ical and mag- 
netical observations, 1870. 

Observatious made at the magnetical and meteorological observatory 
at Trinity College, Dublin, ^■ol. ii, 18i4-'50. Dublin, 1809. Humphrey 
Lloyd. 

Observacioues inagaeticas y meteorologicas becbas per los alumuoa 
del colegio de Belen. Habana, 1871. 

Magnetiacbe und meteorologische Beobacbtungne anf der k. k. 
^ tern war te zu Prag im Jabre 1870. 

Beobachtungea an der k. k. Centralanstalt fiir Mcteorologie und 
Erdmaguetismua, July, December, 1870. 

Jahrbiicber der k. k. Ceutralanstalt fiir Meteorologie nnd Erdmagne- 
tismus. Neue Folge, v. Baud, Jabrgaug 18C8. Carl Jelinek und Carl 
Fritsch. VI. Band, Jahrgang 1809. 

METEORS. 

Le stelle cadenti, dei periode di Noviembre 1808 ed Agoata 1869, osser- 
vate in Piemonte ed in altre contrade d'ltalia. P. Francesco Denza. 

Norme per le osservazioni delli meteore luminose. 

Observations of luminous meteors, Royal Observatory, Greenwich, 
1871. 

Osservazioni delle meteore luminose nel 1871-72. 

Sopra gli aeroliti, caduti il gioruo 29 Feb. 1808, ~nel territorio di 
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' Viliauova e motta dei conti. Mcmoria tlei professori Agostiuo, Goiran, 
Antouio, Bertolio, Arturo, Zuiiuetto, Luigi, Masso. 

Aerolito en la lutcieuila de In Conception mmiicipalidad de AUende, 
' estiido de Cliihualiua. Boletiu do la socicdad de geografla y estadistica 
de Ja Repablicana Mexicaua, segiiuda epoca, tomo iii, Nos. 8, 9, 10. 

Composition of tUe meteoric utoiie tbat fell near Searsmont, Maiiie, 
Ma; 21, 1871, by J. L. Suiitlt Americau Journal of Sciouce aud Art, 
1871, p. 200. 

Der Ainsa-Tucson Uleteoreiseuring in Wasbington und die Rotation 
der Meteoriten in ihrem Zuge. SitxiingHberichte der kaiserlicbeu Aka- 
demie der Wisaenscbaften, April 1870. V. Haidiager. 

Der Meteorlt in Kriibeuberg. G. Senmayer xx\iii. und xxix. Jabrca- 
bericht der Pollicliia. 

Der Meteorit von Lodrati. Sitzungsberielite der kaiNerlieben Akude- 
mie der Wisseusebaften, Ai»iil 1870, 

Die Meteorite. Aus der ^Natur, neue Folge, 46. Band. 

Mode du rupture de I'astre d'oii d^riveut lea mt^-ttorites. St. Meunier. 
Comptes-rendus bebdoraadaircs des stances de Tacadi^mie des sciences, 
tome Ixxii, No. 5. 

Nacbricbten iiber den !de1eoriteufall bei Murzuk in Deeenil)er 1SC9, 
Sitzangsbericbtti der kaisorlieben Akademie der Wisseuscbaflen, Juni 
1870. 

Sitaation astronomtqne da globe d'oii di5rivent les nieteoiitea. St. 
Meunier. Comptes-rendus bebdomadaires des seauces de Tacademie des 
sciences, tome Ixxii, No. 8. 

Stmctare du globe d'oii provienuent les nnHtJorites. St. Meunier. 
Comptes-rendus beljdomadaires des seances de 1'acad^mie des sciences, 
tome Ixxii, No. 4. 

Sur nn bolide obser^t^' •( Tours le 17 mars 1871. Comptes-rendus beb- 
domadaires des stances de raeademie des sciences, tome Ixxii, No. 24. 
A. Buffanlt. 

Ctoiles filantes du mois d'aodt. Comptes-rendus bebdomadaires des 
B^ances de I'acadi^mic des sciences, tome Ixxiii, No. 8. 

Le bolide da 15Juillet. Comptes-reudus bebdomadaires des seances 
de I'acad^mie des sciences, tome Isxiii, No. 3. 

M^moire snr la direction des dtoiles fllantes. Comptes-rendus beb- 
domadaires des stances de I'aead^mie des sciences, tome Ixxiti, No. 2. 

Obserration d'un bolide faite, 4 1'observatoire de Marseilles le I'^'aoftt. 
Coggia. Comptes-rendus bebdomadaires des stances de Tacadi^mie des 
sciences, tome Ixxiii, No. 0. 

Observation relative il la d<;uomi nation de bolide donuee an m^t^ore 
recemment observe par M. Coggia. Clie De Beaumont. Comptes-ren- 
dus bebdomadaires des Bt^auces de I'acaddmie des sciences, tome Ixxiii, 
No. 7. 

Bolides observes en Italic pendant le mois de jnillet. Deuza. Comp- 
tes-rendus bebdomadaires ties stances de I'academie des sciences, tome 
Ixxiii, No. 6. 
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Sur lea bolides dn 11 aofit 1871 et da 24 juin 1870. P. Gayot. 
Comptes-reDdu3 hebdomaduires des si5auces de I'acad^mie des scieuws, 
tome Ixxiii, No 8. 

On a meteor seen at Alexandria, Egypt. American Joarnal of Science 
and Art, vol. ii, p. 474, Beverly Keunon. 

Bolide observe le 4 aout 1871 i Tr^inont, prea Tournns, Lemosy. 
Comptesrendus liebdomadaires des seances de racad^mie des sciences, 
tome Isxiii, No. 6. 

Obaervationdu bolide du 17mar8,fiUteiSerac. Lespiault. Coinptes- 
rendus hebdomadaires des seances de Tacad^mie des sciences, tome 
Uxii, No. 13. 

Diversesst^riesd'obserrationsd'etoilesfihrntes. I^e Veixier. Compte.s- 
reodus hebdomadaires des seances de Facadtuiie des sciences, tome 
Ixsiii, So. 11. 

Observations de I'essaim d'etoiles filautcs da mois d'aoilt, faites pen- 
dant les nnits des 9, 10 ot 11 aoiit 1871, daus an grand nombre de 
stations correspondantes. Oomptes-rendus liebdomadaires des s^iinces 
de Pacademie des sciences, tome Ixxiii, No. 7. 

Observation de I'essaim d'^toiles fllantes de novembre dans les sta- 
tions de I'associatioQ scientiBqne de France. Oomptes-rendus hebtlo- 
madaires des stances de I'acad^mie des sciences, tome Ixiii, No. 15. 

Observation du bolide dii 17 mars, faite & CastilloD sur Dordogue. 
Faquenei. Comptes-reudna hebdomadaires des stances de I'acad6mie 
des sciences, tome Ixxii, No, 13. 

Observation du bolide du 17 mars, faite k Trenois. Vanquelin. 
Gomptes-rendns hebdomadjiires des stances de I'ocad^mie des sciences, 
tome Ixxii, No. 13. 

Rapport sur les effets du met^re du 26 Janvier 1846. Bulletin de la 
socifStfS d'^mulation du d^partement de I'Allier, tome 1^'. 

Remarkable meteor, by R. U. Thurston. American Journal of Science 
and Art,, vol. ii, p. 63. 

Shooting-stars of August 10 and 11. American Journal of Science 
and Art, vol. ii, p. 227. 

Sur un bolide observe an Semaphore du cap Sici^ lo 14 juin 1S71, 
Sagols. Comptes-rendu-s hebdomadaires des st-anees de I'acad^mie des 
sciences, tome Ixxii, No. 24. 

Sur un inetf-ore remarquable observi5 dans la miit du 19 oi-t, 1S71, 
M. Chapelas. Comptes-rendus hebdomadaires des si-anccs de racaile- 
mie des sciences, tome Ixsiii, No. 15. 

Met«or seen at Wilmington, North Carolina. American Journal of 
Science and Art, vol, ii, p. 227. 

Meteors of November 13 and 14, 1870. American Journal of Science 
and Art, vol. i, p. 30. 

November meteors in 1871, by H. A; Newton. American Journal of 
Science and Art, vol. ii, p. 470. 

Eatrellas cadentes de Novierabre ISfiO. A, Aveledo. Vargasia. Bole- 
♦'" de la sociedad de cieucias flsicas y uaturales de Caracas, No. 7. 
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Meteorografia dell autoDDO 1S69 in Modeiin. Aiiuibnle Kicco. An- 
Diiiirio d«11» societal dei naturalisti iu Modeua, anuo V. 

Observation du bolide du 17 mars, faite 4 Castilloii siir Dordogiie. 
Paqiien^e. Comptes rendiis liebdomadaires ties sf-ances de raeadtJuiie 

(les sciciict'S, tome Ixxii, No. 13. 

OCEAK CUEEENT.S AND TIDES. 

Cun-euta of air and ocean. B. H. Babbage. Annital report and 
transactions of the Adelaide Philosophical Society for the year ending 
September 30, 1871. 

Studes Bar I'origine des courauts d'air principalis, par AI. Lartiqne. 
Comptes-rendns hebdomadaires des stances de I'acad^niie des sciences, 
tome Ixiii, No. 2. 

Ocean-currents, by J. Croll. American Jonrunl of Science and Art, 
vol ii, p. 140. 

Sketch of a new theory of oceanic tides, based npon examination of 
the causes assigned to exceptional tidal waves. J. W. Bilby. Trans- 
actions and proceedings of the Eoyal Society of Victoria, vol. 9. 

Surl'extansion du Gulf-stream dans le nord et sur la temp^ratnre dea 
mers, par Cb. Grad. Cotnptes-rendus hebdomadaires des stances de 
Tacad^mie des sciences, tome Ixxiii, No. 2. 

OZONE. 

Espericiize ozonometriche fatte ncl laboratovio chemico dell' uuiver- 
sita di Pisa sotto la direzione del Prof. S. De Lucas. 

Note relative k la. nature de I'ozone. M. Pigeon. Comptes rendus 
liebdomadaircs des stances de Tacad^mie des sciences, tome Ixxiii, No. 3. 

PRESSURE OF THE ATMOSPHERE. 

Barometrical measurements in Ecuador by W, Beiss and A. Stnbel. 
American Journal of Science and Art, 1871, p. 207. 

Sul movimento straordinario del barometrografo della B. specola di 
Napoli. A. de Gasparis. Beudicontidcll'academiadellescienzeflsicbee 
Qiatematicbe. August, 18G7. 

Itecherches exp^rimentales sur rinfluence que tes cbangements dans 
la pression barom^triqne exercent sur les pbi^nomfenes de la vie. P. 
Bert. Comptes-rendus hebdomadaires des stances de I'acad^mie des 
Sciences, tome Ixxiii, No. 3 and No. S. 

Note sur les relations simples en t re la pression de la vapeur aqueuse 
et la temi>^rature. Dni>erray. Comr)te3-rendus hebdomadaires des 
aeances de l'acad«5mie des sciences, tome Ixxii, No. 23. 

RAIN. 

Cyclical rain-falls at Lisbon. Proceedings of the American Philo- 
Bophical Society, vol. xii. July-Dec, 1871. 
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Slontbly raiD-fall at San Francisco, Journal of the Fraublin Insti- 
ttiw, Marcb, 1872. P. E. Chase. 

Sunimary of rain and melted snow for the winter 1870-71. Canada. 

Some observatiouB on the lain-fall at Adelaide, Australia. Annual 
report and transactions of the Adelaide Philosophical Society for the 
year ending September 30, 1871. 

Fall of rain at Hilo, Hawaii. American Journal of Science and Art, 
vol. i, p. 232. 

Sur le regime pluvial de TAllemagne septentrionale et de la Buasie 
d'Europe. Comptes-rendus hetKlomadaires des stances de I'acad^mie 
des sciences, tome Ixxii, No. 24. 

Observations pluviom6triques dans le Loiret en 1867 et 1868. M6- 
moires de racad^mie des sciences de I'institnt de France, tome xsxr. 

Sur le regime pluvial de I'Alg^rie, d'apr^s les observations de Pad- 
ministration des ponts et chauss^es. V. Eaulin. M^moires de I'aca- 
d^mie des sciences de I'iustitut de France, tome xxxv. 

Sur lo regime pluvial de i'Asie septentrionale et orieatale. Y. Raalio, 
Comptes-rendus hebdomadaires des stances de I'acad^mie des sciences, 
tome Ixxiii, Xo. 4. 

Artificial prmluction of rain. American Joomal of Science and Art, 
vol. ii, p. 313. 

M^moire sur les pluies, par M. Becquerel. M^moires de I'acad^mie 
des sciences de I'iustitut imperial de France, tome zxzv. 

M^moire sur les quautit^s d'ean tomb^es pr&s et loin des hois, par M 
Becquerel. Mt:moire3 de t'academie des sciences de I'iustitut imperial 
de France, tome xsx\'. 

On rainfalls, by Pliny E. Chase. American Journal of Science and 
Art. vol. ii, p. 09. 

Sur les pluies de pouseiere et les pluies de sang, par M. Tarry. 
Miimoires de i'acad^mie des sciences de I'iustitut de France, tome Izx. 



Observations relatives anx chutes de neige k Montr^l, (Canada,) et & 
Stykisbolm, (Islande.) Bucban. Mi^moiies de I'acad^mie des sciences 
de I'iustitut de France, tome xxxv. 

Sur les circonstances m^t^orologiqnes qui out accompagn^ la chute de 
neige du IG mars 1870. Comptes-rendus hebdomadaires des stances 
de I'acadtimie des sciences, tome Ixxii, I4o. 12. 

Ohute de ueige extraordinaire i Collimfere, (Pyn^m^s orientales.) 
Naudin. Mcmoires de I'acadeniie des sciences de I'iustitut de France, 
tome txx. 

lufliience of snow-covering on climate. A, Wojeikof. American Jour- 
nal of Science and Art, vol. ii, p. 64. 

Be I'iufiuenee de la ueige sur la tenii>erature du sol & dlverses pro- 
fondeurs, selon qu'il est gazoun^ ou dt^nude. Becqnerel. Comptes-rendus 
liebdomudaires des stances de I'acad6mie des Ecieuijes, tome IxKlii, 

No. 20. L.ooqIc 
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SOLAR HEAT. 

ActiQometrical observatious made at Delira sdiI Mussoorie, in Didia, 
October and November, 18(J9, ProeeediugsoftbeRoyalSociety, vol. six, 
No. 125. i 

Temperatare of solar radiation as measured by tbe black -bulb tlier- 
mometer, by Mr. Ellery. Trausactious and proceedings of tbe Eoyal 
Society of Victoria, vol. ix, Melbonme, 1869. 

The daily motion of a brick tower caused by solar beat. C. G. Rock- 
wood. American Journal of Science and Art, 1871, p. 177. 

STORMS A>fD TORNADOES. 

Siir un orage quiaeclate le 29 mai, aux environs d'Alaitt, France, 
par 31. Bourgoyne. 5I6uioires de I'acud^mie des sciences de I'iustitnt 
de France, tome Ixx. 

Note siir des ph^nom^nes singnliers observes en £cosse pendant les 
p^riodes orngeuses dn 18 juin et du 5 jaillct 1871. Comptes-reudus 
bebdomadaires des stances de I'acad^mie des sciences, tome Isxiii, No. 2. 

Stormenes Love. Cbristiania, 18C8. 

Det uorske meteorologiscbe lustituts Storm-Atlas. Af H. Itlobn. 
Cbristiania, 1870. 

Norsk meteorologisch aarbog for 1809. Cbristiania, 1870. 

M^moire sur lea orages en NorviSge. Mohu. Memoires de l'acad<5- 
mie des sciences de llnstitnt de France, tome xxxv. 

Observations des orages en Norv^gc pendant I'ann^e 1869. Mfimoires 
lie I'acad^mie des sciences do I'institut de France, tome Ixx. 

Deber die jahrliche Vertbellung der Gewittertage, nacb den Beobach- 
toDgen an den meteorologiachen Stationen Oesteireicbs und Ungarns. 
Sitznngsberiebte der kaiserlieben Akademie der Wissenscbaften, May 
1870. 

Tornadoes, by H.S.Whitfield. AnaeiicanJonrnal of Science and Art, 
vol. ii, p. 96. 

Note stir des pb^nomenes singnliers observ^a en £cosse pendant les 
p^riodes oragenses du 18 jniu et du 5 juillet 1871. M. "W, de Fonvielle. 
Comptes-rendus bebdomadaire-s des stances de I'acad^mie des sciences) 
tome Ixiii, No. 2. 

Gnide des ouragaus. F. K. Eoux. Revne maritime et colouiale, tome 
xxxi, nov. 1871. 

La bourrasque du 11 juillet 1871. Cbapelas. Comptes-rendus beb- 
domadaires dos sC'ances de I'acad^mie des sciences, tome Ixxiii, No. 3. 

TELEGEAPHIC WEATHER-REPORTS. 

Systems of weather-telegraphy, by C. Abbe. American Journal .of 
Science, vol. ii, p. 81. 

Signal-service weather-reports, by Pliny E. Chase. Journal of the 
Franklin Institute, vol. 62, p. 278. GoOqIc 
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TEMPERATURE. 

iKmoire siir la distiibutiou de la clialeur et tie ses variations depuis 
K' sol jusqu'i trente-sis inttres au-dossoua. Mfeinoirea de racad^mie 
dc^scieiices de rinstitiit iinpfjiiul de France, tome xsxv. 

Mtimoirc sur la distribution de la chaleur au-dcssous du sol. M^uioires 
dc Tacad^mie des sciences de I'iitstitut imperial de France, tome xsxv. 

JKmoire sur la tenipi?ratHre des sols couverta de bas vdg6taux oa 
(leuiid^s. Comptes-reiidns hebdomadaires des stances de I'acad^mie 
des sciences, tome Ixxiii, No. 20. 

Sur les caractferes de I'biver lH70-'t 1, et snr la comparaison de la tem- 
]>^ratnre moyeune a Tobservatoire de Paris et 4 1'observatoire tn^t(ioro- 
logique central de Montsouris. Cb. Sainte Claire Deviile. Oomptes-ren- 
dus bebdomadaires des stances de I'acaddmie des sciences, tome Ixxii, 
No. 13. 

Sur le froid de la nuit dii 17 an 18 mai. Coinptes-rendus bebdoma- 
daires des stances de I'acadt^'mie des sciences, tome Ixxii, No. 25. 

Quelques nonveaux documents sur le froid aoormal observe dans la 
nuit du 17 au 18 mai. De Biseau. Oomptes-reudus bebdomadaires des 
stances de I'acad^mie dos sciences, tome Isxiii, No. 6. 

Sur le froid des premiers jours de juin 1871. H. Bardy. Comptes- 
rcndus bebdomadaires des seances de I'acad^mic des sciences, tome 
Ixxii, No. 25. 

Sur lea precautions j\ pivndre ponr la diltermiuation de la teniiK^rature 
d'un lieu. Comptcs-reudus bebdomadaires des stances de I'acadi^mie 
des sciences, tome Ixxii, No. 12. 

M^moire sur la temi>^rature sons bois et liors des bois. ]^liSmoires de 
I'acad^mio des sciences de I'inatitut imt>erial de France, tome xxxv. 

Sur les temperatures observees h Itlnutsouris iieudant le mois de 
fevrier 1871. Comptes-reudns bebdomadaires des s^ancesde I'aeadiSmie 
des sciences, tome l.\xii, No. 10. 

Water unfrozen at 18^. Uouissiuganlt. American Journal of Sci- 
ence and Art, vol. ii, p. 301. 

Ou the temperature of tbe interior of the eartb, as indicated by obser- 
vations made during tbe coustrnction of tbe great tunnel tbrougb the 
Alps. D. T. Ansted. Troceeilings of the Royai Society, vol. xix, No, 129. 

Die Temperatur-Verbaltnisse uud die mit der IloUe zunebmeude Tcm- 
]>eratur in der Schicbt dos Luftuieeres, welcbe die Erdoberfliiche 
unmittetbar beriibrt. Von Prof. Dr. Prcstel. 

Die Warmeabuahme mit der Hohe an der Erdoberfliiche und ibre jilhr- 
liclie Periodc, vou Dr. J. Hanu. 

Observations to accompany and elucidate tbe diagram of mean tem- 
peratnre for ten years at tbe Albiou mines. Nova Scotia. Henry Poole. 

Diurnal and annual variations of temi>erature at Halifax, Nova Scotia, 
from bihoiirly observations by F, Allison, M. A., during tbe three years 
13C7-'69. G. T. Kingston. Canadian Journal of Science, Literature 
and History, May, 1871. n„,i^, ii,CoOQlc 
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Ueber den jahrlicheD Gang der Temperatnr zn Klagenfart, Triest and 
Arravaralza. C. Jelinek. Ans dem Ixii. Bde. d. Sitz. d. k. Akademie d. 
Wissensch., iL Abth., Jani-Heft, Jahrg. 1870. 

Od an approximately doceunial variation of the temperatore at tbe ob- 
servatory at tbe Cape of Good Hope between the years 1841 and 1870, 
viewed in connection with the variation of the solar spots. E. J. Stone. 
FroceediDgs of the Eoyal Society, vol, xix. 

Sur les froids de mai et join 1871, et sur les froids tardifs. Comptes- 
rendas bebdomadaires des stances de racad^inie des sciences, tome Isxii, 
No. 24. 

Temperatore at great deptlis. Jourual of the Franklin Institate, vol. 
Ixii, p. 371. 

Bar le froid da d^cembre. Edw. Delaunay. Comptes-rendus heb- 
domadaires des stances de I'acad^mie des sciences, tome Ixxiii, Ko. 25. 

Sur le froid dn 9 d^embre 1871. Delaanay. Sur la pr^ocitS du 
froid en 1871. Ch. Sainte Claire Deville. Comptes-rendus hebdoma- 
daires des stances de I'acad^mie des sciences, tome Ixxiii, So. 24. 

Sur les froids de d^embre 18T1. M. Delaanay. Comptes-rendus 
hebdomadaires des stances de I'acad^mie des sciences, tome Izxiii, No. 

Sur le froid de d^cembre 1870 ct sur la p^riode des grands hirers si- 
gnalSe par M. Benon. Ch. Sainte Claire Deville. Comptes-rendns heb- 
domadaires des stances de I'acad^mie des sciences, tome Ixsii, No. 1. 

VOLCANOES. 

Eruption of the volcano of Collma, Mexico, by C. Sartorins. American 
Journal of Science and Art, vol. ii, p. 381. 

Volcano of Kilauea. American Journal of Science and Art, vol. iL 
pp. 76, 454. 

WINDS. 

On tbe geueral circulation and distribution of the atmosphere. J. D. 
Everett [Eeprintfrom the Philosophical Magazine for September, 1871.] 

Untersuchungen Uber die Winde der nordlichen Hemisphare und ihre 
klimatologische Bedeutung. J. Hann. Zweiter Tbeil. Der Sommer. 
Sitzb. der k. Akad. d. Wissensch., Ixiv. Band, ii. Abth., Oct.-Heft., 
Jahrg. 1871. 

Die Warmeabnahme mit der Htihe an der Erdoberdache und ihre 
jiihrlicbe Periode. J. Hann. 

Etudessurroriginedescourautsd'airpriucipaux. Lartique. Comptes- 
rendus hebdomadaires des stances de I'acad^mie des sciences, tome 
Isiii, No. 2. 

Force and direction of wind. F. E. Loomis. American Journal of 
Science and Art, vol. ii, p. 231. 

Sur les mouvements g^n^raux de I'atmosph&re. Peslin. M^moires 
de I'acad^mie des sciences de I'institut do France, tome Ixix. 
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Atlas ties mouvements g6o6ta.nx de I'atmosph^re. I{4dig4 par Tobaer- 
vatoire imperial de Paris, siir les documents foumis pur les observa- 
toires et les mariDes de la Frauce et de I'^txanger. Publi6 sons le9 
auspices du ministre de Pmstruction pnblique et avec le coneourg de 
Tassociatioii scieotifiqae de France. Anii4o 1865, jnillet, aoflt, sep- 
tembre, octobre, novembre, d^cembre. 

ZODUCAL LIGHT. 

ObservatioQ de la lutui^re zodiacale le 20 f^vrier 1871. Flammarion, 
Comptes-rendns liebdoiaadaires des s^auces de I'acad^mie dea scicDces, 
tome Ixzii, So, 9. 

Sar la lamifere Mdiacalo obaervte i^ Angers le 19 f^vrier 1871, by A, 
Cheux. Comptes-rendns bebdomadaires des stances de I'acad^mie dea 
sciences, tome Ixsii, "So. 24. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



The Executive Committee of the Board of Itegeots respectfully submit 
the foUowiuj; rejKtrt in relation to tbe funds of the Institution, the 
receipts and ex[>en(Utures for the year 1871, and the estimates for the 
year 1872: 

Slatemcttt of the/and at the beginning of the pear 1872. 

The amount originally received as the bequest of James 
SmitbsoD, of England, deposited in the Treasury of tbe 
United States, iu accordance with the act of Congress 
of August 10, 1846 «515,169 00 

Tbe residuary legacy of Smithson, received in 1865, deposited 
in the Treasury of the United States, in accordance with 
the act of Congress of February 8, 1867 26, 210 63 

Total bequest of Smithson 541,379 63 

Amount deposited in the Treasury of tbe United States, 
as authorized by act of Congress of February 8, 1867, 
derived from saviags of income and increase in value of 
investments 108, 620 37 

Total permaueut Smithson fund iu the Treasury of the 
United States, bearing interest at 6 per cent., payable 
semiannually in gold $650, 000 00 

In addition to tbe above, there remains of tbe extra fund 
derived from savings, &e., in Virginia bonds, at par value 
♦88,125.20, now valued at ' 35, 500 00 

The cash balance in First National Bank, 
Jannary, 1872 $16, 315 02 

Amount of congressional appropriation for 
the fiscal year ending June 30, 1872, $10,000, 
oaehalf of whieh available January, 1872 . . 5, 000 00 

21, 315 02 



Total of Smithson funds January, 1872 $706,815 02 



The interest due on the Virginia bonds, instead of being paid, has 
been funded by the State, and has thus increased the amount of the 
bonds from $72,760, as stated in the last report, to $88,125.18, as given 
in tbe foregoing statement. The market value of this stock, which yi^ 
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given lost year at $48,000, has fallen, during 1S71, to $35,500, on account 
of tbe uncertain policy of the State. 

The balance at the beginning of the year 1872, viz, $21,315.02, is 
very nearly the same 9s that at the begioniug of the year 1871, which 
Tras $21,477.81. This balance 19 not invested as a part of the perma- 
neot fund, because it is required in order to pay cash for bills as they 
become due, and previous to receiving the semi-aniiual incoma 

Statement of receipt* from the Smithmn fund for 1871. 

Interest on $050,000, at per cent, in gold $39, 000 00 

Premium on gold, June and December, 12| and 8J 4, 193 50 

Tetal receipts 43, 192 50 



Statement of expenditures from the Smithson fund for 1871. 

DUILDIMQ. 

Beconstruction of parts destroyed by fire, and 

repairs $8, 827 13 

Furniture and fixtures 205 20 

$9, 032 41 

OENEKAL EXPENSES. 

Meetingsof the board $127 12 

Lighting the building 267 15 

Heating the building 79 69 

Postage 448 76 

Stationery 452 55 

Incidentals 354 75 

Salaries and clerk hire 9, 572 62 

11,302 04 

PUBLICATIONS AND RESEARCHES. 

Smithsonian Contributions, quarto $9, 753 08 

Miscellaneous collections, octavo 608 12 

Eeports, octavo 739 48 

Meteorology, computations, rain-gauges, &c. . . 2, 000 55 

Apparatus for researches ^44 03 

Explorations, natural history, aud archaeology . 1, 301 07 
Lectures 2S5 00 

15,431 93 

MUSEUM, LIBRAET, AND EXCHANGES. 

Museum, in addition to the sum drawn from the 
appropriation by Congress, ($4,076) $8, 132 
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Literary and scioatific exchanges tbroagEh agen- 
cies in London, Paris, Leipsic, Amsterdam, 
Milan, &o $4, 201 50 

Parcbase of boobs and periodicals 253 86 

_ «12,588 31 

Total expenditnres, (repayments having been de- 
ducted) $i8,355 29. 

From the above statement, it appears that tbe ezpeuditares ivere 
$5,162.79 iu excess of the receipts; but to meet this deficiency, $5,000 
of tbe congressional appropriation for tbe moseam, as was stated before, 
is still in the Treasury of tbe United States. Had this snm been drawn 
daring the year, it would have been deducted f^m the $8,132.93 charged 
to the moseam. 

During the past year the Institution has advanced money for the pay- 
ment of freight on specimens and articles directed to its care, and for 
fitting out tbe expedition toward the north pole. It has also sold pub- 
lications, old and useless material, and meteorological instruments, the 
payments for which have been deducted from the several items of the 
previous accounts of expenditures, as follows: 

From tbe museum, for repayments for freight $592 92 

From exchanges, for repayments on expense of literary and 

scientific exchanges 945 17 

Prom explorations, for repayments on account of Hall's expedi- 
tion toward tbe north pole, &c 522 27 

From Smithsonian contributions and miscellaneous collec- 
tions, for sales of publications 525 70 

Building and incidentals general, repayments for old mate- 
rial, postage refunded, &c 622 69 

Apparatus — sale of meteorological apparatus 40 00 

Total repayments and miscellaneons credits 3, 248 03 

Appropriations and expenditures from Confess on account of the muteum 

and care of the Government eollectUms. 

In addition to tbe receipts from the Smithson fund, the following 

amounts have been received : 

From appropriation by Congress for fitting up halls for 
collections $20, 000 00 

From appropriation by Congress for aunaal care of collec- 
tions, being part of tbe $10,000 appropriated for the Bscal 
year ending Jane 30, 1S71, ($5,024 having been drawn 
in the year 1870) 4, 976 00 

24,976 00 
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The appropriation of $20,000 -waa expended, under tlie direction of 
the Secretary of the Interior, and acconnted for to that Department, in 
ceiling, flooringr, plastering, and painting the large ball in the upper 
story of the main building, repairing the roof, fire-proofing the west 
ving, and fitting up the basement of the same for the preparation of 
specimens and storage. 

The appropriation of $4,976 waa expended for salaries, taxidermy, 
labor, &c., in preserving the lioverument collections, and was accounted 
for to the Interior Department. 

The esrimates for the year 1872 are as follows: 



From interest on the permanent fund $39, 000 00 

Probable premium on gold, 10 per cent 3, 900 00 

42,900 00 

i.PP&0FBIATI0K8. 

For building $5, 000 00 

For general expenses 10, 000 00 

For publications and researches 20, 000 00 

For exchanges 5, 000 00 

For books and apparatus 900 00 

For mosenm, additional to Congress appropriation 2, 000 00 

42,900 00 



The Esecntive Committee have examined seven hundred and fifty- 
seven receipted vouchers for payments made during the four quarters 
of the year 1871, both from the Smithson fond and the appropriations 
from Congress. In every voucher the approval of the Secretary of the 
Institotion is given, and the certificate of an authorized ageut of the 
Institution is appended, setting forth that the materials and property 
and services reudered were for the Institotion, and to be applied to the 
purposes stated. 

The quarterly acconnts-carrent, bank-book, check-book, and ledger 
have also been examined and found correct, showing a balance in bank 
December 31, 1871, of $16,315.02. 

Kespectfully submitted. 

PETER PARKER, 
JOHN BtACLEAN, 
Executive Committee.' 

March 13, 1872. 

*MtOt>T General W. T. Sberman, memlier of committee, abaeut, in Enrope. 
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JOOENAL OP PROCEEDINGS 



THE BOARD OF EEOENTS 



SMITHSONIAM INSTITUTION. 



WakBIHGTON, D. C, January B5, 1872, 

A meeting of tLe Board of Begents of the Smithsooian iDstitntioD 
iras held this day Id the Regent^ room, at 7 <^clock p. m. Present: 
Hod. H. Hanlio, Hon. L. Trnmball, Hod. Q. Davis, Hon. L. P. Poland, 
Hod. S. S. Cos, Hon. i^. Parker, Hon. H. D. Cooke, and Professor Henrj, 
the Secretary. 

Mr. Hamlin was called to the chair. 

The Secretary stated that an act of Oongresa bad sabstitated the 
governor of the District of Columbia as an ex-offlcio Regent, in place of 
the major of Washington, the latter office having ceaeed to exist. 
Governor Cooke was then introdaced as a member of the Board. 

Dr. Parker, from the Executive Committee, presented a preliminary 
statement of accoonts. 

On motion of Mr. Trumbull, the report waa accepted. 

The Secretary made a statement relative to the Yirginia stocks held 
by the Institntion. It had been deenied advisable that the regist«red 
stock should be converted into coupon bonds, because the couitons were 
receivable for taxes, and the State had not paid interest on its stock for 
several years. The transfer had therefore been made for the iDstitution 
by Riggs & Co. 

On motion of Judge Poland, the Secretary was directed to deposit the 
Virginia coupon bonds, now in Biggs' Bank, in the Treasury of the 
dnited States for safe-keeping. 

The Secretary gave an account of the improvements made in the buihl- 
ing during the past year. 

A eommunicatioD from Dr. C. H. F. Peters, of the observatory at 
Chnton, Kew York, was read, asking the Institution to defray the expense 
and act as the medium of communicating discoveries of planets, comets, 
etc., by ocean telegraph. 

The Secretary stated that he had applied to the ocean telegraph com- 
pany for the free transmission of astronomical discoveries, but had not 
received a reply. 

Sever^ of the Regents expressed the opinion that the Institution 

e.oo'sic 
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8ho»ld have the franking privilege, to enable it to diBtribnte scientifio 
reports, &c, to libraries and other institations of the conntiy. 

The Secretary stated that a stable had recently been erected on the 
grounds, vith the approval of General Babcocb, Commissioner of Pnbhc 
Buildings. This was necessary for the nse of the Institution, though 
the horse and carriage used by the Secretary had been purchased by 
himself. 

On motion of Mr. Trumbull, the action of the Secretary was approved. 

A claim, presented by T. R. Peale, esq., of Wasbiogton, for a portrait 
of Washington, painted by his father, Charles Wilson Peale, now in the 
Smithsonian maseum, was referred to the Executive Committee. 

A commnnication was presented from Henry O^ielly, relative to the 
discovery of the electro-magnetic telegrapb, which, on motion of Mr. 
Bavis, was read, and ordered to be placed in the archives of the Insti- 
tution. 

Adjoamed to meet at the call of the Secretary. 



Mabch 28, 1872. 

A meeting of the Board was called for tbis evening at 7 o'clock. Pres- 
ent : Hon. 8. P. Chase, GhanceUor of the lustitntion ; Hon. L. P. Poland, 
Hon. J. A. Garfield, Hon. P. Parker, and Pro£ Henry, the Secretary. 

On account of a night session of the Senate, the Yice-President, Hon. 
Mr. Colfax, and Senators Trumbull and Hamlin were prevented from 
attending the meeting. 

Ko qnomm being present, adjonmed to meet at the call of the Secre- 
tary. 

Apeu, 3, 1872. 

A meeting of the Board of Begents was held at 7 o'clock at the Insti- 
tution. Present: Yice-President Colfax, Hon. H.Haoilin,Hon. L. Trum- 
bull, Hon. L. P. Poland, Hon. P. Parker, Hon. H. J). Cooke, and Prof. 
Henry, Secretary. 

Mr. Colfax was called to the chair. 

The minutes of the previous meeting were read and approved. 

Dr. Parker, in behalf of the Executive Committee, presented the re- 
port of the committee, which was read, and, on motion of Mr. Hamlin, 



Dr. Parker stated that the Virginia coupon bonds which had been 
received from the State had no seal affixed to them. In regard to this, 
the Secretary presented the following communication from Jos. Mayo, 
jr., treasurer of Tirgiuia : 

OOMMOMWEALTH OP VlEGlNIA, TbEASUBEB'8 OFFICE, 

Bichmtmd, March 30, 1872. 
The following coupon bonds Nos. 11621 to 11578, both inclusive, for 
•1,000 each ; No. 1380 for «500, and Nos. 4191 and 4192 for $100 each, of 
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Virginia consolidated debt, exchanged Deceml^er 0, 1S7I, for the Smith- 
sonian InstitntioD, and standing in its name on tbe books of tbis office, 
were regularly issued and are good and valid. Tbe omission of tbe State 
seal upon them was an inadvertance, which wilt be corrected whenever 
the bonds are returned for tbe purpose. In fact the seal is not necessary 
to give validity to the bonds, though it is customary to place it upon 
them. 

Very respectfully, yours, 

JOS. MAYO, 
Treasurer of Virginia. 

Od motion of Mr. Hamlin, it was 

Beaolved, That the Secretary return the bonds to Richmond for tbe 
purpose of having the State seal affixed to them. 

The Secretary gave an acconnt of Major Powell's expedition, which 
was aathorized by Congress at its last session and had by law been 
placed under the direction of the Smithsonian Institution. He stated 
that he had addressed a communication to Congress recommending 
an additional appropriation for continuing the survey. 

The Secretary stated that, for many years, harmonious relations had 
existed between the Institution and tbe Department of Agriculture for 
co-operation in advancing the science of meteorology. The blanks hod 
been furnished and distributed by that Department, and the observers 
sent their returns to the Commissioner, saving a large item of expense 
in tbe way of postage. The monthly summaries of observations of rain, 
temperature, etc., bad been published in the monthly reports of tbe 
Department, and had done much to encourage and stimulate the ob- 
servers and to furnish valuable data for agricultural and scientific pur- 
poses. Judge Watts, the present Commissioner, had recently decided, 
however, to discontinue tbis publication, and this was an additional 
reason why the Institution should have the franking privilege. The 
Institution had a large number of computers at work in reducing and 
discussing all the meteorological observations it had collected during the 
laat twenty years, and would soon publish the results. 

The Secretary presented his annual report for the year 1871, which 
was read, and, on motion of Mr. Trumbull, accepted. 

A commanication from F. O. J. Smith, esq., of Portland, relative to 
tbe electro-magnetic telegraph, was presented to the Board, and ordered 
to be placed in the archives. 

The board then ac^jonmed sine die. 
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The object of this appeodiz is to illustrate the operations of the 
loBtitatioD by reports of lectares and extracts from correspondence, as 
veil as to famish information of a character Bait«d especially to the 
meteorological observers and other persons interested in the promotion 
of knowledge. 



jM,Googlc 



SEHOIB OF SIB JOHN FBEDEBICK WILIIIH HEBSCHEI. 



By N. S. Dodob. 

About the year 1760, m Dt. Miller, the organiat, better known, per- 
hapB, as the historian of Doncaster, England, was dining at Fontefract 
vith the officers of the Durham militia, one of them told him that they 
had a yoaog German in their band who was an excellent performer oa 
the violin, and if he woold step into another room he might jadge for 
himsel£ The invitation was gladly accepted, and Miller heard a solo 
of Giardini's ezecated in a manoer that sorpriaed him. Learning after- 
ward that the engagement of the yonng musician was only from month 
to month, he iuTit«d him to leave the band and come and live with him. 
" I am a single man," he said, " and we doubtless shall be happy to- 
gether ; beside, yoor merit will soon entitle yon to a more eligible situ- 
ation." The offer was accepted aa frankly as it waa made ; and the sat- 
isfaction with which the old organist always plumed himself upon this 
act of generoos feeling is not aurprising, since the German hautboy- 
player turned ont at last to be Herschel the astronomer. 

The Jew Soetzler, a famous organ-builder a hundred years and more 
ago, was at this time setting up a aew organ f*r the pariah church of 
Halifax. Herschel, at Dr. UiUer's adnce, became one of the seven can- 
didates for the place of organist. They drew lots how they were to per- 
form in successien. Herschel drew the third. The second fell to Dr. 
Wainwright, of Manchester, whose rapid execution astonished the 
jndgea. " I was standing in the middle aisle with Herschel," wrote Dr. 
Miller, " and I said to him, ' What chance have you to follow this mant' 
He replied, 'I don't know; I am sure fingers will not do.' He ascended 
the organ-loft, however, and produced from the instrument so uncom- 
mon a fullness, such a volume of slow, solemn harmony, that 1 could 
not account for the effect. After a short extempore effusion, he finished 
with the old Hundredth Psalm tune, which he played better than his 
opponent. * Ay, ay,' cried old Snetzler, ' tish is very gooi ; I till luf tisk 
mxn, for he gives mypiphes room /or to spkedk.'"' Having afterward asked 
Mr. Herschel by what means he produced so uncommon an effect, he 
replied, " I told you fingers woold not do ;" and taking two pieces of 
lead from bis pocket, " One of these," he said, "I placed on the lowest 
key of the organ and the other on theoctaveabove; thus, by accommo- 
dating the harmony, I produced the effect of four hands instead of two." 

In 1780, twenty years after this, when Miller talked of his friend Hcr- 
Khel's great fame, and of his sister, Caroline Herschel, who, when her 
brother was asleep, amused herself in sweeping the sl^y with ^i^ f«VP*)^y- 
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feet reflector and eearchiag for comets, the kind-hearted old maa used to 
wish that the science of acoostics bad been advanced in the same degree 
as the science of optics, "For," he said, "had William constracted aadl- 
tory tubes of proportionate power to his great telescope, who knows 
bat we might have been enabled to hear the mnsio of the spheres I " 
From this date, fonrscore and twelve years ago^ nnttl the present time, 
no name among modem scientific men has attained a higher rank'than 
that of Herscbel. Kinety volumes of the Philosophical Transactions of 
the Boyal Society have been enriched with papers bearing the well- 
known signatare. Genias, thoagh often hereditary, is quite as often 
wayward. It not nnfreqaently skips a generation. It descends some- 
times to daughter. It reappears in other cases, after being dormant 
in children and grandchildren, in a fonrth or fifth step of descent. Bnt 
with the two Herschels the transmission was immediate. The original 
ciroamstances of the two great philosophers were indeed widely differ- 
ent. &it William , the father, by genias and application succeeded in rising 
from obscnrity to the proud position of the first astronomer of the age. 
His son, Sir John Herscbel, had the advantage of the highest university 
training. But both were gifted with extraordinary talents, keen scien- 
tific tastes, and those great mathematical powers which so materially 
assist in abstruse inquiries. In the case of the subject of this memoir, 
the combination of high education with an extraordinary natural talent 
for communicating bis thoaghts in an attractive manner, has been one 
of the means of making him the most distinguished philosopher of the 
nineteenth centnry. 

John Frederick William Herscbel was born at Slough, March 7, 1792. 
His father was already famous. People came from distant lands to see 
the great teIescoi>e. There are traditions about the wonder with which 
mail-travelers used to stare, in passing, at the mechanism by which the 
monster tube was used. A thousand stories of its revelations passed 
current among the vulgar. The astronomer let nobody use his forty-foot 
telescope, but the fame of it could not be hidden. It wont threngh all 
the civilized world. And itwasander the shadow of that mysterions 
erection that this only child of the boose — born when his father, then of 
twoscore and twelve years, was absorbed alike in the fame he had 
achieved and the wonders he was every night discovering; reared in 
in&ncy with an ancle who spent his days in adjusting instruments, and 
an aunt whose nights were devoted to discovering new comets ia the 
heavens j without aboy's associations and playmates, in a housekept quiet 
all the day that the star- watchers might sleep ; and wandering through 
rooms whose silence no sports were permitted to disturb and no youth- 
ful buoyancy to interrupt — it was here that he passed his boyhood. 
Twelve years before the boy's birth the "Observations of the periodical 
star Mira Ceti," read before the Royal Society, had established his 
father's position among scientific men, and one year later his discovery 
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• 
Amid such a cbildhood, separated from bo^s of bis own age, snppressed in 
every demonstratioQ which yontbfal spirits natorally give to feeling, 
witboat the school antagonisms that teach a lad bis real worth, or the 
school rivalries that lead him to rate bis fellow according to the plncky 
boyhood he exhibits, at the form or on the play-gronnd, in the dormi- 
tory or at the sparring-matcb, it is strange that the boy did not grow 
up full of eccentricities. His detractors — and even he, the gentlest of 
men, was not without them — say that he did. But there was in bim, 
from first to last, no lock of manliness, no insincerity, no jealousy, no 
indifference even to rival merit. And then the man's life-long and con- 
spicaoas venesatlon for his father is perhaps tbe best proof of a happy 
childhood and youth, ^o want pinched the household ; warm affection 
existed between the parents ; tbe boy was tbe idol of a fond aunt and a 
fonder nncle; and it mnst have been from a happy home that be went 
to Eton. 

At tbe usual period of life yonng Herschel entered St. John's Col- 
lege, Cambridge, from which he graduated B. A. in 1813, as senior 
wrangler, having for his competitors tbe late Dr. Peacock, Deas of Ely, 
who was second wrangler, and the late Rev. Fearon Fallows, formerly 
astronomer at the Cape of Good Hope, aa third wrangler. The names 
of several other men of mark appear in tbe honor-list as contemporary 
students, such as Professor Mill, Dr. Robinson, Master of the Temple, 
and Bishop Carr, of Bombay. Mr. Herschel had no sooner attained 
his degree than be forwarded a mathematical paper to the Boyal Society, 
" On a remarkable application of Cotes's Theorem." This was published 
in the Philosophical Transactions. In tbe same year he was elected a 
Fellow of tbe Boyal Society, and though barely past bis majority be- 
came at once an active member. 

The early researches of Herschel were confined to pare mathematics. 
For papers on this subject, published in the Philosophical Transactions, 
tbe Copley medal was awarded him in 1821. In 1822 he tamed his 
attention to "observing" astronomy, that practical branch which 
descended to bim as a hereditary duty. This occupation led bim to 
associate with others in forming a special society for the general ad- 
vancement of astronomical science. A few years previous to tbe death 
of bis father, in conseqncnce of tbe improvement in astronomical tele- 
scopes, amateurobservers sprang np, who took great interest in the delin- 
eation of the heavens. It was considered an epoch favorable to the 
formation of a body that should be e:Ecla8ively devoted to tbe encourage- 
ment of astronomy ; and Mr. Herschel drew up an address which forms 
tbe first publication of the present Boyal Astronomical Society. 

All tbe wbilo, however, the imagination of the young philosopher 
was dwelling on tbe hkst discovery of bis father — the binary stars. 
It was a secret, won from the nuknown, that opened a new view 
into the universe. The boy was scarcely in adolescence, the father 
passing into old ago, when tbe constitution of tbe nebultc was an- 
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Donnced. It was tbe great achievmeat Qf the one; it was tlie flrat 
dictate to the yoaog manhood of the other. Three years of conversa- 
tion and thought passed away, when the son, then twentj-foor, took 
from his father, then seventy-eight, the work of examining the doable 
Btars. The old man's end of life was gained. What of nobility was in 
him had descended right royally. In the space of five years the young 
astronomer bad mapped 380 double and triple stars, obtained by above 
10,000 separate meaanrements. The record of these observations was 
acknowledged by the French Academy of Sciences in bestowing their 
astronomical medal, and followed by a similar reward in England. This 
occnrred in 1821. The old astronomer had foreseen the honors which his 
son wonld win, but did not live to rejoice in them. Sir William had died 
two years l)efore. With his death came great changes to the pleasant 
family at Slongh. The good mother snivived, indeed, but the strange, 
ancient household was broken up. The aunt, who had watched the clock 
and catalogned the stars up to the last, returned to her old home in Ger- 
many. The cheerful old ande had desisted from mechanical adjustments 
only when apoplexy felled him at his work, and the young inheritor of 
all the honors was left to perform his task alone. 

To those who have had no experience in continuous astronomical 
observations there can be no conception of its anxious toiL Money 
cannot repay it, nor honors, nor fame. In the pursuit day must be 
turned into night, society abandoned, tbe round of home comforts 
broken in upon, intercoorse with friends and neighbors discontinued ; 
and the astronomical observer, quitting all the amenities of life, finds 
his compensation in the brotherhood of the stars. This self-sacriilce 
young Herschel made. The objects to observe reqaired a calm atmos- 
phere. The best time for this is between midnight and snn-rise. This 
continuous night- work requires health. Herschel felt the severity of it. 
" Should I be fortunate enough," he writes, when he was but thirty years 
old, " to bring this work to a conclusion, I shall then joyfully yield up 
a subject on which I have bestowed a large portiou of my time, and 
expended much of my health and strength, to others who will hereafter, 
by the aid of those masterpieces of- workmanship which modem art 
places at their disposal, pursae with comparative ease and conveoieoce 
an inquiry which has presented to myself difficulties such as at one 
period had almost compelled me to abandon it in despair." 

In 1831 Mr. Herschel received the honor of knighthood from the 
hands of King William, in acknowledgment of his eminent scientific 
services. 

In 1833 he was awarded the royal medal of the Boyal Society for his 
paper " On the investigation of the orbits of revolving double stars." 
The Duke of Sussex then said of him, " Sir John Herschel has devoted 
himself for many years, as mnch from filial piety, i>erhaps, as from in- 
clination, to the examination of those remote regions of the universe 
into which his illustrious father first penetrated, and.whicb lie trans- 

L.ooi^lc 
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mitted to bis son as a hereditary possessioD, \ritb which the name of 
Herscbel must be associated for all ages. lie Las sutijected the whole 
sphereof the heavens withio his observation to.i repeated and systematic 
.scratiny. HehasdeterniiQed the position and described the character of 
the most remarkable of the nebulfe. He has observed and registered many 
thonsaad distances and angles of position of double stars, and has shown, 
from comparison of his own with other observations, that many of them 
form systems whose variations of position are subject to invariable laws. 
He has sacceeded, by a happy combination of graphical eonstrnctiou 
with DO merical calculations, in determining the relative elements of the 
orbjts which some of them describe round each other, and in forming 
ubles of their motions ; and he has thus demonstrated that the laws of 
gravitation, which are exhibited, as it were, in miniature in our own 
planetary system, prevail also in the most distant regions of space — a 
memorable conclusion, Justly entitled, by the generality of its character, 
to be considered as forming an epoch in the history of astronomy, and 
presenting one of the most magnificent examples of the simplicity and 
oaiversality of those fundamental laws of nature by which their great 
Author baa shown that he is the same to day and forever, here and 
everywhere." 

It is impossible to give any analysis of the results of the numerous 
researches which occupied tbe time of Sir John Herschel at the various 
periods of bis life. From a rough and evidently incomplete list of his 
papers it would appear that out of seventy, twenty-eight are on astronom- 
ical subjects, thirteen on optics, ten on pure mathematics, eight ou 
geotogj', and eleven on miscellaneous science*. 

There are, however, two of his astronomical works to wliich we may 
fittingly refer here, since tbey furnish a key which unlocks much of Sir 
John's personal history. These are, first, his " Catalogue of nebulcD 
and clusters," published in the Philosophical Transactions for the year 
1S33, for which the gold medals of the Boyal Society and the Astro- 
nomical Society were awarded j and, second, "Besults deduced from 
obser\-ations made at the Cape of Good Hope." For this latter work he 
received the Copley medal for the second time from the Boyal Society, 
and an honorary testimonial from the Astronomical Society. 

Tbe interest which Sir Jobu Herscbel always exhibited Id the miniite 
details of nebulis and doublestarsmnstbeconsideredastheresultof his 
association with bis illustrious father. M. Arago, in bis admirable and 
exhaustive biographical notice of Sir William Herschel, translated from 
tlie French, and published recently in the report of the Smithsonian 
Institution, refers gracefiilly to this fact. Sir John's early familiarity 
with his father's instruments, in familiarity with which be may be said to 
have grown np, and with their necessary use in making observations, 
had its influence doubtless in the same direction. Hence, probably, the 
reason why so long a period of his observing time was devoted to this 
section of astronomical research. One of his first communications to the 
8s 71 tL.oOtJTc 
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memoirB of tbe Astronomical Society is an accoatit of the great nebulx 
of Andromeda and Orion, accompanied by an admirable engraving of 
the latter. From 1825 to 1833 nearly all bis astronomical energies ^ere 
given to this kind of observation. The catalogue of nebulte and clusters, 
previously mentioned, contains a list of more than twenty-five hundred 
of both ; their right ascensions and declinations determined ; tbe char- 
acter of their general apiiearance recorded j and those which present ao 
unusual constitution, or an extraordinary shape, (of which there are 
nearly one hundred,) are drawn with a precision, delicacy, and taste 
worthy of tbe most accomplished artist. The astronomer royal, on pre- 
senting the gold medal of the Astronomical Society to Captain Smyth, 
on behalf of Sir John Herscbel, who was then residing at the Cax>e of 
Good Hope, remarks: "That one of the most important parts of this 
work is the division containing the engraved representations of tbe most 
remarkable nebulce. The peculiarities they representcannot be described 
by words nor by numerical expressions. These drawings contain that 
which is conspicuons and distinctive to the eye, and that which will en- 
able the eyes of future observers to examine whether secular variation 
is perceptible. They are, in fact, the most distinct and most certain 
records of the state of a nebulae at a given time." 

The second series of investigations to which it is desired here to drav 
esiwcial attention, is that described in the unique volume entitled " Re- 
salts of Astronomical Observations made during the years 1834-ISOS, 
at the Cape of Good Hope; being the completion of a telescopic sun^cv 
of the whole surface of the visible heaveiis." After the publication ol 
tbe catalogue of nebulie in 1833, Sir John Herschel determined to 
undertake a voyage to South Africa^ for the purpose of continuing hi^ 
researches in another hemisphere under a new heaven. He had tbe 
sikme plan in view and tbe same instruments. It bad been irksome to 
his honored father, and was alike fretful to bis own spirit, that the 
clouded sky of England allowed free sweep of the great telescope alon;; 
the path of tbe stars at a rate so niggardly. Hardly more than tbin\ 
hours in thrice that number of nights were the mysteries of the greal 
vault exposed to his search. He resolved, therefore, to seek a clearer at 
mosphere and a wider field of inquiry. The southern extremity of Africa 
where was an English colony, in which seclusion could be found witboni 
loss of means of commuuication witbthephilosophicworld,and aniui 
clouded sky bending above a healthy climate, seemed to offer thi 
greatest advantages. He consequently fixed upon the Cape of Goo( 
Hope as the most fitting place for a protracted residence away from En^ 
laud, and the broadest field for thorough researches. 

Sir John Herschel embarked at Portsmouth, in company with hi 
family, on the 15th of November, 1833, and arrived safely at Table Ba; 
on the 18tb of January, 1834, alter a pleasant voyage, diversified b; 
few nautical incidents. 

No one knew so well as the great astronomer of,wbom we write, evei 

.C.oot(Ic ' 
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before, while recumbent on the deck of the vessel that was bearing 
him through the tropic zone, he watched for hours together the shift- 
ing panorama of the star fretted vault, bow themoon appeared brighter, 
&irer, and better defined through a more transparent atmosphere; 
how the planets seemed to bo other orbs ; how the stars, long watched 
in a northern sky, drooped toward the horizon, and were at length 
looked for in vain ; how orbs, which, to bis former vision, had modestly 
moved along the soathem outskirts of visible creation, now marched 
majestically overhead, each 

" Walking the boavens like a thing of Jife," 

i?bUe new and strange bodies ascended high and higher, until the old 
earth had passed away and a new heaven was aloft ; nor how the Via 
Lactea, in the neighborhood of the Centaur and the Cross, coupled 
with profuse collections of nebulae and asteroids, stars and constella- 
tions, makes the southern sky the moat magnificent star-view from any 
part of earth. Like the sources of the Nile to the untravcled geogra- 
pher, or the ice-clififs of Greenland to the student of arctic voyages, he 
knew well what a personal inspection would place before htm, and 
though the civilized world rang with applause at his sacrifice of home 
and its comforts, and country and Its honors, for the sake of science, 
yet true philosophers knew that the compensation, present and future, 
far outweighed the loss. 

After a temporary residence at Wilterfteidcu, he engajied a suitable 
mansion, beariug the name of Feldhausen, about four miles from Cape 
Town — a spot full of rural beauty, within sight of lofty bills, and situa- 
ted on the last of the terraced slopes by which Table Mountain lets 
itself down to the lowlands and meadows near the sea. In this place, 
removed from all the noise of traffic and exposure to iutmsion, surrounded 
on all sides by a grove of planted trees, he caused a suitable building 
to be erected for the equatorial, while the 20-foot reflector was mounted 
in the open air. * 

The observatory at Feldhausen was situated in*soath latitude 33° 58' 
55" 56, and longitude 23° 46' 9" 11 east from Greenwich. Its altitude 
was 142 feet above the level of the sea in Table Bay. During the erec- 
tion of his instruments. Sir John resided at Welterfreiden, andsoquickly 
were his plans completed, that on the 22d of February, 1834, be was 
enabled to gratify his curiosity by viewing, with his 20-foot reflector. 
9 Crueia, the interesting nebula about -q Argus, and on the evening of 
the 5th of March to begin a regular series of observations. 

Ader erecting his observatory and determining its geographical posi- 
tion, the attention of Sir John was directed to the fitting up of the 
telescope with which his observations were to be made. He had carried 
out with him three specnla, one of which was made by his father, and 
used by him in his 20-foot sweeps ; another was made by Sir John him- 
self, under his father's inspection and instmctions, and the other, of the 
very same metal as the last, was ground and figured by himself alone. 
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They had each a clear diameter of 18^ inches of tH>1ished surface, and 
■were all equally reflective when freshly polished, and perfectly Bimilar 
in their performance. The operation of re-polishing, which was more 
frequently required than in England, was performed by himself with 
the requisite apparatus, which he also brought from England. 

Although Sir John Herschel never exhibited — as indeed he had no 
occasion to do — the wonderful mechanical genius of his father, he never- 
theless fully understood all the former's methods of preparing and treating 
specula. When it was stated at a meeting of the British Association in 
1812, that I<ord Boss had attained such skill in the treatment of metallic 
specula that he could dismount the mirror of bis large telescope, 
reiwlish it, and replace it the same day, Sir John four years previously 
had written to Arago these words : " By following my father's roles 
minutely and using his apparatus, I have succeeded in a single day, 
without the least assistance, in polishing completely three ^ewtouiati 
mirrors of uineteen-inch aperture." 

In the use of reflecting specula of considcrahle weight, it is of the 
utmost importance that the metal should be suppoited in its case so as 
not to sufifer any change of flgure from its own weight. Sir John found 
that a speculum was totally useless hy allowing it to rest horizontally 
on three metallic points at its circumference. The image of every con- 
siderable star became triangular, throwing out long darning caustics at 
the angles. Having on oue occasion supported the speculum simply 
againsta flat l>oard,incIined atan angle of about 40'=', he found that its per- 
formance was tolerably good; but on stretching a thin pack-thi'ead verti- 
cally down the middle of the board, so as to bring the weight of the metal 
to rest upon the thread, the images of the stars were lengthened hori- 
zontally "to a preposterous extent, and all distinct vision utterly de- 
stroyed by the division of the mirror into two lobes, each retaining 
something of its parabolic figure, separated by a vertical band in a state 
of distortion, and of no flgure at all!" The method which Sir John 
found the best was the following : Between the mirror and the back of 
the case be interposed six or seven folds of thick woolen baize, of 
uniform thickness and texture, stitched together at their edges. The 
metal, when laid flat on this bed, was shaken so as to be concentric 
with the rim of the case, and two supports, composed of several strips 
of similar baize, were introduced so as to occupy about SC each, and 
to leave an arc of about 40° unoccupied opposite the jMint which was 
to be lowermost in the tube. "When the case is raised into an inclined 
position, and slightly shaken, the mirror takes its own free bearing on 
these supports, aud preserves its figure. It is essential, however, to 
the successful application of this method that many thicknesses of the 
baize should be employed, by which only the effect of flexure in the 
wooden biick of the case can be eliminated." 

This simple plan, adopted by Sir John Herschel, is mentioned to 
show how mechanical genius aided him, as it did ~hi8 father before 
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him, is overcomiDg whnt had seemed to be iDsarmoimtable difficalties. 
The iugeuioas method by which Lord Boss afforded an equable support 
to a large speculam, and which is now geooTally adopted, was then 
uoliDown to bim. 

The labors of Sir Joha Hetschel ia South AMca werechiefly confined 
to different subjects of observation. Stellar astronomy, however, 
occupied his principal attention. Two of the most celebrated ne- 
buhe — that in the sword-bandle of Orion and that surrounding tho 
variable star Eta Argns, as well as portions of the Milky Way, he de- 
lineated with particular care. The published drawings of these objects 
are acknowledged by all astronomers to be the most perfect represent- 
ations of these beautiful ornaments of the southern sky. The nebula 
of Orion, magnificent as it is north of the equator, comes out in much 
grtuider detail in the southern hemisphere, where its great elevation in 
the heavens renders it comparatively free from the ill effects of an 
impure atmosphere. During the cooler months at the Gape of Good 
Hope, from May to October inclusive, and more especially in June and 
July, the finest opport;nnities for delicate astronomical observation oc- 
curred, and were quite equal to the observer's most sanguine ex- 
pectAtions. Sir John remarks that the state of the atmosphere 
in these months was habitually good, and imperfect vision rather the 
exception than the rule. The best nights, when tbe stars were most 
steady, always occurred after the heavy rains had ceased for a day or 
two, when "the tranquillity of the images and sharpness of vision was 
such that hardly any limit was set to magnifying power, bat what tbe 
aberrations of the specula necessitated." 

Upon occasions like these Sir Jobn found that optical phenomena of 
extraordinary splendor were produced by viewing a bright star through 
diaphragms of card-board or zinc, pierced in regular patterns of circnlar 
holes by machinery. These phenomena, arising from the interferences 
of the intromitted rays, and produced less perfectlv in a moderate state 
of the air, surprised and delighted every one. A result of a more 
interesting kind was obtained when the aperture of the telescope had tbe 
form of an equilateral triangle, the center of which coincided with tbe 
center of the specnlum. When close donble stars were viewed with tbe 
telescope, having a diaphragm of this form, the discs of the two stars, 
which are exact circles, are reduced to about a third of their size, and 
possess a clearness and perfection almost incredible. These discs, how- 
ever, are accompanied with six luminous radiations running from them 
at angles of 60^, forming straight, delicate, and brilliant lines, like 
illuminated threads, reaching far beyond the sea of view, and capable 
of being followed like real appendages to the star, long after the orb 
itself had left) the field. 

Another optical phenomenon, arising from a peculiar condition of the 
atmosphere, is described as " nebnlous haze." The efTect of it was to 
encircle every star of the ninth magnitude and upward with- a faint. 
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sphere of liglit of aD.extent proportioned to the brightness of tlie star. 
This phenomenon presented itself very suddenly in a perfectly clear 
sky, free from suspicion of mist or cloud, and disappeared as suddeoly 
after the lapse of about a hundred seconds. Sir John Hersohel stated 
that similar nebnlona affections occnrretl in' England, but with less fre- 
quency of coming and going. He at first suspected that the phenouaeua 
arose from dew upon the eye-piece ; but repeated observations satisfied 
him that they were atmospheric 

Under the favorable circumstances in which he was now placed, the 
opportunity of studying the grand nebula in the sword-handle of Orion 
was eagerly embraced. He had himself delineated this remarkable 
object in 1824. Four representations of it, differing essentially ftom his, 
had been subsequently published, and it therefore became of the deepest 
interest to discover the causes of these discrepancies, and to ascertain 
whether in form or light a change had biken place. The splendid draw- 
ing of this nebula, twelve inches square, is viewed with mute admiration. 
The mysterious assemblage of suns and systems which it sets before the 
observer is at first almost overlooked in his wonder at the patience and 
skill of the artist astronomer. No fewer than one bnndred and fifty 
stars are accurately depicted, and the faint luminosity shades away on 
the picture, as in the heavens, into the dark sky. That this marvelous 
thing of beauty, having no relation to the stars which bespangle it and 
no union mth the stars themselves, has recently undergone or is under- 
going great and rapid changes. Sir John did not believe. He writes : 
" Comparing my only drawings made at epochs (1S24 and 1837) difier- 
ing by thirteen years, the disagreements, though confessedly great, are 
not more so than I am disposed to attribute to inexperience iu such 
delineations, (which are really difficult) at au early period; to the far 
greater care, pains and time, bestowed upon the later drawings ; and, 
above all, to the advantage of local situation, and the very great superi- 
ority iu respect both of light and defining power in the telescope at the 
latter, over what it possessed at the former epoch, the reasons of which 
I have already mentioned. These circomstauces render it impossible to 
bring the flgnrea.into comparison, except in points which cannot be in- 
fluenced by such causes. Xoic there is only one avch particular on which 
I am at all inclined to ifmst as evidence of change, viz : in respect of the 
situation and form of the ' nebula oblongata,' which my figure of 1824 
represents as a tolerably regular oval. Comparing this with its present 
appearance, it aeemg hardly possible to avoid the conclitsion of some sensible 
aiteraiion having takenplace. No observer now, I think, looking ever so 
cursorily at this poiijt of detail, would represent the broken, curved, and 
unsymmetrical nebula in question aa it is represented iu the earlier ef 
the two figures, and to suppose it seen as in 1837, and yet dratcn in 1824, 
wonld argue more negligence than 1 can believe myself fairly chargeable 
■with." 

The magnificent Catalogue of Nebulae and Clusters of Stars in the 
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Southern Hemisphere, coinprehendiDg 4.015, was reduced, arrauged, and 
executed by Sir John's own hands, and appears like the work of a life- 
time. 

In treating of the Magellanic clouds, two fine eye-sketcUes are given, 
"drawn without telescopic aid, wbeu Healed at a table in the open air, 
in the absence of the moon, and with no more light than was absolutely 
necessary for executing a drawing at all." He was compelled to this 
method in consequence of his attempts to represent other than very 
small portions of the H'ubecula Majoriu the telescope, having been com- 
pletely baffled by the perplexity of its details. 

On the 25th of October, 1837, Sir John was fortunate enough to ob- 
tain a view of the anxiously expected comet of Dr. Halley. In the fifth 
chapter of the " Astronomical Observations" he Laa given the results of 
his notice of this singular member of our solar system. Thirteen draw- 
ing illustrate the comet. We have it as it appeared night after night. 
On the Ist of Kovemberhe describes its nncleus as small, bright, aud 
highly condensed, shielded on the side next the sun by a nan-ow cres- 
cent of vivid, nebulous light, the frout presenting an outline nearly cir- 
cular, and having an amplitude of !KP from born to horn. Four days 
afterward it had the common appearance of a comet, with its nucleus and 
sUghtly diverging tail ; but on its return from the sun, on the 2Cth of 
January, it assumed a new aud surprising ajipearauce. Its bead was 
sharply terminated" likeagrouud-glass lamp-shade, and within thishead 
was seen a vividly Uiminons nucleus, as if a miniature comet, perfect in 
itself, possessing head and tail, aud considerably exceeding the surround- 
ing head in intensity of light ;" in fact, a comet within a comet As the 
nights followed each other, and the stranger advanced across the heav- 
ens, its increase in dimensions was so rapid " that it might be said it 
was almost seen to grow." On the 2Cth the nucleus appeared as a star 
of the tenth magnitude, furred and nebulous, and more than double in 
size within twenty-four hours. On the 28th, upon looking through the 
30-foot reflector. Sir John exclaimed, "Most astouishing! Thecoma isall 
but gone, and there are long irregular tails everywhere." The nucleus 
was then a sharp point, like one of Jupiter's satellites in a thick fog of 
hazy light — no well defined disk could be raised upon it — aud its body 
was clearly discemable from its coma. " I can hardly doubt," he writes, 
" that thiii comet was fairly evaporated in perihelio by the sun's heat, 
resolved into transparent vapor, and is now in process of rapid conden- 
sation and reprecipitation on the nncleus." 

Sir -John concludes his "astronomical observations" by notices of 
the solar apote, and conjectures of their causes. Thirteen figures, delin- 
. eated from magnified images formed on a screen by means of a 7-foot 
achromatic refractor, are given in a single plate. One of these spots 
occupied an area equal to 3,786,000,000 square miles. Of one huge spot 
lie makes no measurement. Of another, not one tenth in size, he says, 
^Its bUick center wonld have allowed the globe of our earUi to drop 
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through it, leaving a thonsand miles clear of contact on all sides of 
that tremendous gulf." Of bis theories of the canses of these vaat 
Bpots on the sarface of the sun uo meution need here be made. Galileo, 
Kepler, Huygens, Kant, Lambert, and others, each gave their views upon 
these recondite phenomena. Sir John Herschel gave bis as bis father 
had done before him. Others are giving, and others still, perhaps as 
accurate observers and logical reasoners as eitherof the two, will give 
theirs. The world can alford to wait. Astronomy advances. It may 
be, in the distant future, that the mysterions center around which onr 
sun and his worlds revolve may be detected and afford a solution for 
other mysteries as well as these. Tbe greatest astronomer is equipped 
for no more than a Sabbath-day's journey. Mountain-tops rise to bis 
view as he moves along, and peaks of precipices disappear beyond tbe 
horizon which be leaves l>ebind, but the Canaan he seeks to explore is 
still a terra incognita. 

The work from which we have taken the foregoing, entitled " Besolts 
of Astronomical Observations made during the years 1834,-'35-'3C-'37, 
and -'38, at tbe Cape of Good Ilope, being the completion of a tele- 
scopic survey of the whole surface of the visible heavens, commenced in 
1825," which occupies seven chapters, extending over four hundred and 
fifty pages, and illustrated by seventeen beautifully executed plates, 
would doubtless have appeared in a series of unconnected memoirs 
among the transactions of tbe Royal or Astronomical Societies, had it 
not been for tbe munificence of the late Duke of ^Northumberland, who 
gave a large sum for its publication as a single and separate work. Tbe 
following are the subjects which are treated in the volume : 

Chapteb I. On the nebulaa and clusters of stars in the southern 
hemisphere. 

Chapter II. On the double stars in tbe southern hemisphere. 

Chapteb III. On astronomy, or the numerical expression of tbe 
apparent magnitude of stars. 

Chapter IV, Of the distribation of stars, and of the constitation of 
the galaxy or milky way in the southern hemisphere. 

Chapter V. Observations on Halley's comet, with remarks on its 
physical condition and that of comets in general. 

Chapter VI. Observations on tbe satellites of satum. 

Chapter VII. Observations on the solar spots. 

Here let us turn back foramoment to fix onvattentionapon the author 
of these marvelous works. The father, Sir William Herschel, had been 
not only a great astronomer, but a fortunate man. He was fortunate in 
having George theThird for a patron. Again he was fortunate in baviog 
Arago for a biographer, who, while complete master of his subject, was ' 
superior to envy and a lover of true greatness. Bnt thrice fortunate 
was he in transmitting hia name and fame to one, who, with the amplest 
intellectual resources of an accomplished scholar and philosopher, 
cherished tbe characteristic boldness of bis predecessor's spirit, and 
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npbeld thatlibertyof coDJecturewhichisthemainspriDg of sagacity. It 
is rare that the parent's parple of intellect falls npon the child. By no 
cultare however skillfnl, and do anxieties however earnest, can we traoB- 
nit to onr snccessors the qaalities or the capacities of the mind. In lofty 
destinies father and son aie rarely associated ; and in the few cases where 
a joint commission has issued to tliem, it has generally been to work in 
different spheres, or at different levels. Inthenniverseof mind adoable 
star is more rare than its prototype in the firmament, and when it does 
apjwar we watch its phases and mutations with corresponding interest. 
The case of the two Uersehels is a remarkable one, and appears an excep- 
tion to tlie general law. The father, however, was not called to the sur- 
vey of the Iieavens, till he had passed the middle period of life, and it 
was but a just arrangement that the son, in bis yonth and manhood, 
shonid continue the labors of his sire. As has been eloquently said, 
"The records of astronomy do not emblazon a more glorious day than 
that in which the semi-diurnal are of the father was succeeded by the 
semi-diurnal arc of the son. Ko sooner had the eveninglumiuary disap- 
peared, amid the gorgeons magnificence of the west, than the morning 
star arose bright and cloudless in its appointed course." When it is 
considered that these two men, father and son, have carefully examined 
the whole starry firmament with 20'foot telescopes — instmments of 
which, in their present state of perfection, the elder Herschel may be 
said to have been the lnventx)r — and that they have made known to us 
thoQsandsof the most interesting phenomena, it is hardly an exaggera- 
tion to say that the science of moderate siderial astronomy rests chiefly 
on tbeir labors. 

It is worthy of remark, in connection with Sir John Herschel'a labors 
at the Cape of Good Hoi>e, that Uis residence was productive of benefits 
to meteorology as well as to astronomy. While occupied there, he sug- 
gested a plan of having meteorological observations made simultaneous- 
ly at different places — a plan subsequently developed at greater length 
in his Instructions for makimj and registering meteorologieal observations 
at various stations in Southern Africa, published under ofBcial authority 
in 1844. The result has been the almost universal adoption of a simi- 
lar plan in Europe and the United States. 

The record of the site of the 20-foot reflector at Feldhausen, South 
^Ulrica, has been preserved. Xo sooner had Sir John embarked for Eng- 
land, than his numerous friends at the Cape raised by subscription a 
aufficient sum to erect a granite obelisk on the spot. There, in the quiet 
dell, sorrounded l)y trees, at the foot of Table Monntain, stands an 
enduring memorial, not only of " the pleasing and grateful recollections 
of yeara spent in agreeable society, cheerful occupations, and unalloyed 
happiness,'' as he gracefully expressed it, but of the discovery of thou- 
sands of 'nebula and double stars in the remote regions of the sidereal 
firmament. 

TTerRf-hel rehirneil t.o Eiifrland in ^^av. 1838. ,. 
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ceived bim with enthusiasm. Tlie whole scieutiflc world joined ia 
the acclamation. Ho was eDtertaincd at a great public dinoer. At 
the meeting of the British Association, at Newcastle, be was honored as 
the principal guest. The Crown made him a baronet. Oxford conferred 
upon him the highest university honor ; and Scotland, not to be behind, 
elected bim lord rector of Marischal College at Aberdeen. Without 
doubt, the Dnke of Sussex having vacated the office, be might have 
been elected president of the Bojal Society, and the Britiiih Govern- 
ment proposed to reimburse all his four years' pecuniary outlaysj but 
be declined them both. His motives for bis long expatriation bad not 
been money, nor pleasure, nor health, nor fame, but increase and diffu- 
sion of boowledge among men. That object he bad gained the means 
of reaching, and bis largest ambition was sattsQed. 

Sir John was the author of the articles on " Isoperimetrical Problems," 
and of " Meteorology," and " Physical Geography," in tho Encifclopwdia 
Briiatmka, (the last two of which have been tepublishedseparately,) and 
also of several articles on scientific sn Injects in the Ediuburgsnd Quarterly 
Beviews, which were collected and published in a separate form iu 1S57, 
together with some of his lectures. He contributed besides to "Good 
Words" some popular papers on the wonders of the universe; and, two 
or three years before be died, he gave to the world, in the pages of 
"Cornhill Magazine," a poetical version of partof the Inferno of Daute. 
He was also one of the many sexegeoarian translators of Homer's Iliad. 

Sir John Herschel was either an honorary or corresponding member 
of the academies of Vienna, St. Fetersbarg, Gottingen, Turin, Bologna, 
Bruxelles, S'uremberg, Copenhagen, Stockholm, Prague, Warsaw, and 
Naples, as welt as of almost all other scientific associations existing iu 
Europe and America, Asia, and tbe southern hemisphere. To his other 
honors was added that of "Chevalier of Merit," founded by Frederick 
the Great, and given at the recommendation of the Academy of Sciences 
at Berlin. 

We have hitherto confined our remarks to the principal original 
researches of Sir John Herschel, which are doubtless tbe most striking 
to the man of science ; but stUI there can be no question that his popular 
reputation has arisen chiefly from bis two well-known works, "A pre- 
liminary discourse on the study of natnral philosophy'' and "Outlines 
of astronomy," both of which contain internal evidence of his great 
attainments in almost every department of human knowledge, and of his 
high powers as a philosophical writer. We give a short extract from 
each of these works as examples of bis style. Upon their contents it is 
not possible to enter here. 

In tbe "Preliminary discourse," writing upon a subject with which 
he was more intimately acquainted than any man had ever been in tbe 
past, or was in the present, be says: 

"Among tbe most remarkable of the celestial objects are the revolving 
double stars, or stars which, to the naked eye, or to inferior txleaoopes, ap- 
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pear eiogle, bat if examined with high maguifying powers are foand to 
coDsist of tiro iQdi%iduals placed almost close together, and which, wheo 
carefally watched, are (many of them) found to revolve lu regular 
elliptic orbits about each other, aud, so far as we have yet been able to 
ascertain, to obey the same laws which regulate the planetary move- 
ments. There is nothing calcalated to give a grander idea of the scale 
on which the sidereal heavens are constructed than these beautiful sys- 
tems. When we see such magnificent bodies united in pairs, undoubt- 
edly by the same bond of mutual gravitation which holds together our 
owQ system, aad sweeping over their enormous orbits in periods com- 
prehending many centuries, we admit at once that they must be accom- 
plishing ends in creation which will remain forever unknown to man ; 
luid that we have here attained a point in science where the human 
intellect is compelled to acknowledge its weakness, and to feel that no 
onception the wildest imagination can form will bear the least com- 
parison with the intrinsic greatness of the subject." 

Eloquently and nobly said ; aud yet not more eloquent aud noble 
are the thoughts themselves, or the language that clothes the thoughts, 
in the passages we have quoted, than are others to be found on almost 
everj' page of the volume. 

In the other volume alluded to, "The outlines of astronomy," a work 
dustered with brilliant thoughts thick as the stars which stud the mid- 
night heavens, he writes : 

"There is no science which, more than astronomy, draws more largely 
on that intellectual liberality which is ready to adopt whatever is 
demonstrated, or concede whatever is rendered highly probable, how- 
ever new aud uncommon the points of view may be in which objects the 
most familiar may thereby become placed. Almost all its conclusions 
6tand in open and striking contradiction with those of superflcial aud vul- 
gar observations, and with what appears to every one, until he has under- 
stood and weighed the proofs to the contrary, the most positive evidence 
of his senses- Thus the earth on which he stands, and which has served 
for ages as the unshaken foundation of the firmest stmctures, either of art 
or of nature, is divested by the astronomer of its attribute of fixity, and 
conceived by him as turning swiftly on its center, and at the same time 
moving onwards through space with great rapidity- The sun and the 
moon, which appear to untaught eyes round bodies of no very consid- 
erable size, become enlarged in his imagination into vast globes j the 
one approaching in magnitude to earth itself, the other immensely sur- 
passing it. The planets, which appear only as stars somewhat brighter 
than the rest, are to him spacious, elaborate, and habitable worlds, sev- 
eral of them much greater, and far more curiously furnished, than the 
earth he inhabits, as there are also others less so ; and the stars tbemsel ves, 
properly so-called, which, to ordinary apprehension, present only lucid 
sparks or brilliant atoms, are to him suns of various and transcendent 
glory, effulgent centers of life and light to myriads of nuaeeo worlds. 

L'.ooi^lc 
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So that wbeu, after dilating his thoaghts to compreheod the grandeur 
of those ideas his calculatioos have called up, aud eshaQstiog his imag- 
inatioD aud the powers of his language to devise similes aud metaphors 
illustrative of the immeDsity of tlie scale on which his nuiverse is con- 
structed, be Bbrinks back to hia native sphere, he finds it in comparison 
a mere point ; so lost, even in the minute system to which it belongs, 
as to be invisible and unsuspected from some of its principal and re- 
moter members." 

In the year 1851 Sir John Hei-schel accepted the appointment of 
master of the mint. This office, once held by Sir Isaac Newton, had 
degenerated into a place for politicians. Irrespectivo of qualification, 
the existing ministry had been accustomed for more than a hundred 
years to give it to the member of the House of Commous who had 
served tbem best. From the date of Herschel's acceptance of the oflQce 
its political character ceased. He brought to the duties of the position 
the same thorough search, conscientious dealing, and indefatigable in- 
dustry that characterized his life. He abolished old charters, did away 
with antiquated indentures, aud refused to renew contracts for meltings 
aud coinages. His work was so thorough that it is still styled by the 
employes at the mint the " revolution of 'SI." Like all innovations, it 
caused alarm. A faction grew up in opposition. Members of Parlia- 
ment and of the ministry took sides against bis plans ; but that firmness 
for the right which never yielded, and that gentleness toward opponents 
which never lost its equipoise, nltimately achieved success. The "trial 
plates" — be called them "fiducial pieces" — which had been used for 
centuries, were abandoned; standard tables for the qualities of the 
precious metals were prepared ; the conventional purity of British coin — 
gold as 916.6 and silver as 925 — was settled ; and the mathematical coin- 
cidence of the result of the pyx with the legal standard, established 
the correct resalt of the assays. 

The subject of our memoir, however, was not made for oflQce-work. 
Though present at his labors throughout every day, and with papers 
spread before him, revising and calculating his work far into the hours 
of every night, the toil was not congenial. Bodily infirmity followed. 
He was unable to work. His friends became alarmed. For himself bo 
had not sought the place. Xnture still needed his interpretations, and 
he desired to be at liberty to pass bis last days in ber domain. He 
therefore resigned his ofiBce as master of the mint in 1855, and betook 
himself to the well-earned repose of a veteran of science. 

His mind, upon the recovery of his health, resumed its wonted activity, 
and though passing his life in comparative retirement at Collingwood, 
he prepared and published his catalogue of nebulce and star-clusters. 
This splendid work was presented to the Eoyal Society on Kovember 
19, 1803, and contains all the nebula and clusters which had been any- 
where described, and identified in position sufficiently to warrant their 
inclusion. The number of objects comprised in it is 5,078, including all 
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observed by Sir William Hcrscliel, Sir Jolin Ilerschel, the Earl of Bosse, 
and others. This truly uoble undertakiug will ever remaiu amonumeot 
of the energy and perseverance of Sir John Herschel, who at an age 
)>a8t three score and ten years foand time and inclination to arrange and 
republish the great astronomical work of tbe century. 

From the ran^ which Sir John Herschel held among scientific men, 
his services were in almost constant demand on committees, boards, and 
royal coumissioos, whose object was tbe attainment of information for 
tbe advancement of science. For many years be was one of tbe "vis- 
itors " to Inspect annually the Boyal Observatory. To him was made 
tbe annual report of tbe Astrouomer-Royal on the efficiency of that 
establishment, and he was an Important member of the royal com- 
miaeioQ api>oint«d to prepare new standards of length and weight in lien 
of those destroyed by Are in 1835. As member of the council, and one 
of the secretaries of tbe Eoyal Society, he was one of its leading mem- 
bers for years. In 1830, on the resignation of the presidency by the 
late Mr. Davis Gilbert, a strong effort was made to elect Sir John 
Herschel to the vacant cbair, in opposition to the Uuke of Susses, on 
tbe gronnd that bis appointment would be peculiarly acceptable to men 
of science in Europe. But a commoner, however great, has in England 
little chance of success when a royal duke is his rival. There were 
special reasons which iufluenced a large number of the fellows to sup- 
Itort a member of the royal family, and the duke was elected. lu the 
Koyal Astronomical Society Sir John tilled the office of president for 
six years, and in 1845 he presided over the meeting of the British Asso- 
ciation. 

It was the peculiar privilege — let us say in tbe conclusion of this part 
of oar memoir — of Sir John Herschel, or peculiar gift, if the phrase be 
preferred, to combine with his special studies a breadth of view and 
power of espressioQ that made bim the Homer of science. Take, for 
example, what he has said of the vast practical importance of scientific 
knowledge, "As showing us bow to a^'oid impossibilities, in secnring us 
from important mistakes when attempting what is in itself possible by 
means either inadequate or actually opposed to tbe end in view ; in 
enabling us to accomplish our ends in the easiest, shortest, most eco- 
Domical and most effectual manner; and in inducing us to attempt and 
enabling us to accomplish objects wbieb, but for such knowledge, we 
would never have thought of undertaking,-' 

Or again, "Thecharacter of thetrue philosopher is to hope all things 
not imiKJSsible, and to believe all things not unreasonable. When once 
embarked on any physical researeh, it is impossible for any one to pre- 
dict where it will ultimately lead bim. Tbe true answer of science is that 
which again is at once the parallel and the illustration of tbe language 
of tbe apostle, "The mysteries of knowledge, which in other ages were 
not made known unto the sons of men, are uow revealed, and will be 
still more revealed to those whom God has chosen." 
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Or still agaio, "The Rtadents of science arc as messeQ^rs from Heaven 
to earlh to make sacli stupendous announcements, that they may claim 
to be listened to when they repeat in every variety of nrgent instance, 
that these are not the last annoancements they have to commnoicate ; 
that there are yet behind, to search out and to declare, not only secrets 
of nature which shall increase the wealth and power of men, but truths 
which shall ennoble the age and country in which they are divulged, 
and, by dilating the intellect, react upon the moral character of man- 
kind." 

We have called Sir John Herschel the Homer of science because he 
was its highest poet. It is the poet's fanction to move the soul — rons- 
iug the emotions, animating the affections, and inspiring the imagina- 
tion; and all this Herschel did on almost every page of his writings. It 
is true that he avoids all fanciful representations of the facts of nature 
just as he eschews the meagerness of literal narration, but he has drawn 
beautiful pictures of nature's doings — so beautiful that they have dis- 
posed two generiitions to find their recreation and joy in science. 

There is, besides, poetry of no mean order in auch a life as that of Sir 
John Herschel — a lite wholly given to lofty, unselfish aims— a life of 
labor, working, as he expresses it, "like a working-bee" to the very end, 
reserving bis almost only indignation for that spirit of idleoess and 
luxury which spends life bat does not use it. 

There is a pns.sage in one of Sir John's popular addresses that fur- 
nishes so admirable an insight to his own character, that it is worth trans- 
cribing. Speaking of the advantages of a taste for reading, he says : 
"Give a man this, and you place him in contact with the best society 
in every period of history — with the wisest, wittiest, tenderest, bravest, 
and purest of characters who have adorned humanity ; you mi.ke him a 
denizen with all nations, a contemporary of all ages. It is hardly possible 
but the character sbonUI take a higher and better tone from the con- 
stant habit of associating with thiukers above the average of humanity. 
It is morally impossible but that the manners should take a tinge of 
good breeding from having before one's eyes the ways in which the best 
bred and the best iuformed men have talked and acted." 

No word he ever spoke, no sentence he ever wrote, so exactly depicts 
himself. He was in the utmost degree a well-bred man, not from gentle 
birth and careful tralnipg, not from scholarly pursuits and polite society, 
not from association with persons of rank and intimacy with men of 
- taste and thought, not even from his loving nature and noble aspira- 
tions — not from all these together, so much as from the lofty ideal he 
cherished from boyhood to old age of perfect manhood. The upright 
form grew bent with passing years, the firm footstep staggered, the 
hand that poised instruments so accurately that well-nigh impossible 
angles of space could be measured to a hair's breadth became tremu- 
lous, the Hues of thought on his face deepened into wrinkles, the 
"'''aggliug, grizzled hair turned to snow-like whiteness, and the absent 
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ezpreesioa of the eyes grew more thoughtful, but the air and maoner, 
and bearing and address of the well-bred man never left him. He 
received criticismB upon bis own speculations with the same equanimity 
that be pointed out the errors of his opponents. His action in discus- 
KioQ was never violent, nor his voice loud. He readily acknowledged a 
fault, and still more readily apologized for a wrong. To the capacity of 
the young, whether in May-day sports or Christmas gambols, even when 
past his fourthscore year, he was as yielding as be was stem against 
aoy inroad upon morals or violation of truth. He never lost his equi- 
poise, was never betrayed into anger, shrank from injustice to others as 
if the pain to be endured were his own, looked beneath the rough exte- 
rior of many who approached him for honest motives, and, more than 
most of the best and wisest of our race, might have said truly : 

" Write nte as one wbo loves bis fellon-men." 
Sir John Herschel's life-long contemplation of the infinite in number 
and magnitude, exalting and hallowing his mind, was exhibited in its 
effects upon his character, The truths he hud learned from the stars 
were converted into principles of action. Lofty thoughts promoted uoble 
deeds. " Surely," he himself bad said in a yet higher mood of the same 
vein of thought as that of the last passage quoted, " Snrely, if the worst 
of men were transported to Paradise for only half an hour amongst the 
compitny of the great and good, he would come back converted." 

There is one feature in Sir John Herschel's character of which some 
ilelineation cannot be omitted in any approximately correct picture of his 
long life. It is bis filial piety. In a soul full of the gentlest feelings, 
hirt love for his father while the veteran lingered on the stage of life^ 
and his reverence for the great and good man's memory after his de- 
parture, constituted the strongest sentiment. Perhaps there is no other 
instance in all history where filial aflection became for so long a time 
the ruling motive of a life. The son was bom for a successor in the line 
of chemistry to Sir Humphrey Davy and a rival to Michael Faraday ; for 
his father's sake he became an astronomer. His tastes led him into dis- 
coveries of the properties of byposalpbate salts and the actinic relations 
of Ught ; bis reverence for his illustrious sire determined him to complete, 
to the abandonment of every favorite pursuit, what the latter had so 
nobly begun. The pursuit of astronomy was neither the voluntary choice 
nor the principal bias of his intellectual life. His inborn aptitude lay in 
another direction. TTncontroIIable circnmstances determined his career, 
lod these were framed out of impressions of the happy home of bis 
rhildhood. He became a great astronomer, not through the promptings 
of natural taste but by the dictates of filial piety. And no man was 
ever more emphatically, in thought and work, in hostility to error and 
search after truth, the son of his father. Over the two the eulogy of 
David over Saul and Jonathan might be fitly pronounced. 

" They were lovely and pleasant in their lives, 

And ia their death they were not divided : i ' \ 

They were awiflet thtui eagles; they were stronger than l]oai.^''^^'^^^l^ 
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This deep rcvereoce for bid father's memory, aiid this high apprecia- 
tipD of the value of his disuoreries — ueitber undesen-ed nor overrated — 
possessed Sir John Hersuhel to the last. His " idolatry " of the great 
telescope by which the sidereal heavens had been first unveiled to 
human sight has been called " weak in sentiment and dubious in taste." 
Arago did not so regard the means by which its remains ^rere pre- 
served, nor do other philosophers who hold the heart to be ever 
superior to the intellect. On the 1st of Jauaary, 1840, Sir John Her- 
scbel and bis family, the old servants among the number, assembled at 
Slough. The metal tube had been placed horizontally in the meridian. 
At noon tbey walked in procession around the instnunent, entered the 
capacious cylinder, seated themselves ou bencbes previously prepared, 
sung a requiem, and then, ranging themselves -around that — call it 
a piece of metalif you will — which had beeu the means of opening the 
star-world to human sight, witnessed its hermetical sealing. " I know 
not," says Arago, " whether those persons who can only appreciate 
things from the peculiar point of view from which they have been 
accustomed to look, may think there was something strange in several 
of the details of this ceremony ; I affirm, however, that the whole world 
will applaud the pious feeling which actuated Sir John Herscbel, and 
that all the friends of science will thank him for having consecrated the 
bumble garden where his £ither acliioved snch immortal lalK)r.'4 by a 
monument more expressive in its simplicity than pyramids or abitues." 

The true place of Sir John Herscbe) among the great lights of bis age 
cannot be accurately fixed nntil this generation shall have passed away. 
The feelings, prejudices, and partialities of contemporaneous life warp 
correct judgment. Proximity is unfavorable to true appreciation. So 
one knew this better than Biot, when he replied, in answer to the ques- 
tion, " Whom of all the philosophers of Europe do you regard as the 
most worthy successor of Laplace t" " If I did not love him so much, I 
should nu hesitatingly say Sir John Herschel.'' Indeed, through his 
long confinement and protracted old age, the seekers after scientific 
truth not only iu the English universities, but over all Europe, in their 
difficulties, anticipations, and successes, betook themselves to the ageil 
philosopher of Colliugwood. 

Of the work done by the Horschels, father and son, during a period 
of almost one hundred years, it is fitting that something be said in the 
conclusion of this memoir. That work is not in general correctly un- 
derstood. The labors of the elder Herachel are indeed associated In the 
public mind with those of his son, but the real end and aim of those 
labors, the qualities which characterized the labors of each, and the 
steps by which the two men moved on, each like a star in its orbit, 

" MakiDg DO haste and taking do rest," 
towards the grand consummation, it is only necessary to peruse the 
obituary notices which appeared upon his death to see are wholly- mis- 
ODderstood, even by men of intelligence. 
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The real work of the Herschels, then, that to which all their labors 
were directed, was tke ««rrey 0/ those regwna ofi^aoe wkkh lie beyond the 
range of the unaided vision. Other work they did which well deserves 
attentioD. Sir William Herschel, in particalar, left papers describing 
obseiratioDS of the planets, carefal studies of the sun's sarfaoe, and 
researches into a variety of other subjects of interest. Bat all the 
work tbos recorded was regarded by him rather as affording practice 
whereby he might acqnlre n mastery over his instruments than as a work 
to which be cared to devote bis powers. Even the discovery of a planet 
traveling outside the path of Saturn — although, in popnlar estimation, 
this discovery is regarded as the most note-worthy achievement of Her- 
achel's life— was in reality bat an almost accidental result of his real 
work among the star-depths. It was, in truth, such an accident as he 
may be said to have rendered a certainty. No man can apply the pow- 
ers of telescopes, larger than any before constructed, to scrutinize as be 
did every portion of the celestial depths, without being rewarded by 
some sach discovery. He never swept the star-depths for an hoar with- 
out meeting multitudes of hitherto unknown orbs, far mightier than the 
massive bulk of Uranus. Those discoveries pass unrecorded save nu- 
merically, but they tended to the solution of the noblest problem which 
men have yet attempted to master. It was the same with the son. All 
discoveries, all studies, were subordin ated to this one purpose, a hwwl- 
edge of tfte cOTU<rU£ttoffi of the heavens. 

In the pursuit of this single end it is not strange that the great pio- 
neer of star-observers should have formed opinions from time to time 
which be afterwards abandoned as unsupported by facts. In his paper, 
printed in the Philosophical Transactions of 1785, Sir William Herschel 
had saidf " I have now viewed and gauged the milky way in almost 
every direction, and find it composed of stars whose number constantly 
increases and decreases in proportion to its apparent brightness to the 
naked eye. That this shining zone is a most extensive stratum of stars 
of various sizes admits no longer of the least doubt, and that our sun 
is actually one of the heavenly bodies belonging to it is evident." In 
the plate accompanying this paper, onr sun makes one of innnmerable 
stars, all comparable with each other io magnitude, and distributed with 
l^>proacb to uniformity. 

In 1S02, after his telescope had been asking seven years longer the 
secret of the skies, writing of onr sun, magnificent as its system is, as 
only a single individual of the insulated stars, he says: "To this may 
be added that the stars we consider as insnlated are also sarronnded by 
a magnificent collection of innumerable stars called the milky way. 
For, though our sun and all the stars we see may truly be said to be 
in the plane of the milky way, yet I am now convinced by a long in- 
Bpection that the milky way itself consists of stars difl'erently scattered 
from those which are immediately about us." 

Similar changes of opinion in regard to the natnre of double stars, 
9 s 71 
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to the constitntioD of tlie vast star system, and to tlie natarc of the 
nehulfe, occurred, as he modified the principle of iDterpretiog his ob- 
servations. In 1811 he writes: "I find that by arrangiug the nebnite 
in certain snccessive, regular order, they may be viewed in a nev light, 
which cannot be iDdifferent to an inquiring mind." He now expressed 
the opinion that these nebulie did not consist of mnltitndes of stars, 
but of some self-lnmiuons substance of exceeding tenuity. He recog- 
nized the existence of this luminous vapor amidst large tracts of the 
heavens, and regarded it as lying within the limits of the galaxy. Nay 
more, he believed this vaporous matter to be the material from which 
the stars were made. According to this view, vast as has been the age 
of our galaxy, it has not completely formed itself into compact bodies. 
For many years he had held that all the nebulte are composed of stars. 
He now believed that some nebulte were not of a'starry nature; that a 
luminous matter existed in the universe in an elemental state ; that 
the globular nebnite were the earliest formed and most advanced in 
growth ; and that this vaporous or luminous matter lay within the line 
of the milky way, and formed part and parcel of its constitution. 

This new view taken by Sir William Herschel of the construction of 
the heavens, whether as respects extension in space or duration in time, 
is singnlarly impressive. It implies indeed an enormous diminution of 
dimensioua It reduces the supposed countless millions of stars around 
Orion to chaotic vapor. It contracts distances, so far beyond our star- 
system as not to be separately discerned by the most powerful glaes, 
into spaces midway only between us and our galaxy. In reducing these 
distances many hundred times, this theory reduced the vastness of the 
objects many million times. But, on the other hand, it showed the 
milky way to be a more wonderlnl scheme than had ever been sop- 
posed. Vast as has been the period of its existence it had not yet 
entirely shaped itself into stars ; over the regions where it extends, 
enormous masses of nebulous matter are still condensing into snns, and 
it becomes to the imagination a stupendous laboratory where systems of 
worlds have been produced and countless snns have had their genesis. 

Despite the ingenuity of illustration and incontestable force of reason- 
ing by which Sir William Herschel songht to establish thisbold hyyoth- 
esis, it has not won general favor since his day. Observation seems 
conclusively to show that the greater the optical power of the telescope 
the more certain is the evidence that the nebnlee are aggregations of 
stars. Sir John Herschel, too, with his usual reverential caution about 
controverting his father's dicta, seems to entertain this last opinion. 
" It may very reasonably be doubted," he wrote, " whether there is any 
essential physical distinction between clusters of stars and those nebalie 
which my father regarded as composed of a shining nebulous fluid, and 
whether such distinction as there is be anything else than one of degree, 
arising merely from the excessive minuteness and multitude of the stars 
of which the latter compared with the former consist^', i^^^^^n |c 
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In the conrse of that stupendous work whicb has already beeo pointed 
out^— the work of surveying those regions of space too distant to be seen 
by the naked eve — it would be a greater marvel than all their united dis- 
coveries had the Herschels uever found oceasion to change their views 
and remodel their theories. They did this, both father and son, once 
and again. " If it should be remarked,* wrote Sir William Herschel in 
1811, " that in this new arrangement I am not entirely consistent with 
what I have already in former papers said on the nature of some objects 
that have come noder my observation, I must freely confess that, by 
continuing my sweeps of the heavens, my oi>inion of the arrangement 
of stars and their magnitudes, and of some other particulars, has un- 
dergone a gradual change ; and, indeed, when the novelty of the subject 
is considered, we cannot be surprised that many things, formerly taken 
for granted, should on examination prove te be different from what they 
were generally but incautiously supposed to be. For instance, an equal 
scattering of the stars may be admitted in certain calculations ; but 
when we examine the milky way, or the closely compressed clusters of 
Btars, this supposed equality of scattering mast be given up. We may 
also have surmised nebulse to be no other than clusters of stars dis- 
guised by their very great distance, but a longer experience and better 
acquaintance with the nature of nebulte will not allow a general fidniis- 
sioQ of such a principle, although undoubtedly a cluster of stars may 
asaome a nebulous appearance when it is too remote for us to discern 
the stars of which it is composed." In fact, M, Arago's memoir of Sir 
William Herschel, as well as the numerous papers of himself and Sir 
John Herschel, which appeared from time to time, during more (hau 
three-quarters of a century, in the Transactions of the Boyat Society 
and the Astronomical Society, show not only that the former modified his 
theories, gradually, indeed, but not infrequently, in accordance with 
newly-discovered facts, but also that Sir John Herschel's discoveries, 
though considerably in advance of the points reached by his father, but 
lying, nevertheless, strictly in the direction along which the elder had 
been progressing, led to the same result. Sir William modified his views 
about unequal double stars, concluding that the fainter orb is physically 
associated with the brighter one, instead of being far beyond it. He 
modified bis views as to star-groups, regarding at last the masses of the 
milky way as aggregations of stars instead of depths extending into 
space. He had come to regard many star-clusters as part and parcel of 
the milky way; large numbers of nebnlfe as vaporous luminous masses; 
and galaxies external to our system, as he once believed, a portion of 
the heavens with which be was familiar. Neither father nor son ever 
regretted to see hypotheses, though never so dearly cherished, pass 
beyond the field of controversy into the domain of the known. 

Let us now turn to another consideration of Sir John Herschel — still 
necessarily but less closely, perhaps, connecting him with his father — 
the consideration of his character as a theorist in astronomy. As an 
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astronomical, observer he was undeuiaWy /adle princeps, not merely 
among tlie astroDoniers of his owq country-, but among all bis astro- 
iiomical contemporaries. Ilis mastery extended over the widest range, 
lu his geuexal knowledge of the science of astronmy he wa« unap- 
lopached ; in the matbmctical departmentof the science be was proficient 
above most ; in his knowledge of the details of observatory- work he 
was suniassed by none ; and as a gauger of the heavens by the largest 
telescopes be dwarfs into insignificance all the observational work ac- 
complished by astronomers living or dead. He went over the whole 
i-nngo of his father*s work through the northern skies, and then com- 
I>leted the survey of the heavens that bend over the southern hemis- 
phere, lie alone could boast that no part of the celestial depths bad 
escaped his scrutiny. As an interpreter of nature, he was unrivaled ; 
as an expounder of astronomical truths be bad no living peer, and as 
a theorist be commanded universal attention and compelled large as- 
sent.. 

In order to be clearly understood as to the meaning attached to the 
words " astronomical theorist," let us quote a passage from one of the 
paiiera of Sir William Herechel. It is taken from that noble essay con- 
tributed to the Transactions of the Royal Society, in which he first pre- 
sented bis ideas respecting the constitution of the celestial depths. 

" First let me mention," he says, " that if we should ho[>e to make 
any progress in investigations of a delicate nature, we ought to avoid 
two opposite extremes, of which I can hardly say which is the most dan- 
gerous. If we indulge a fanciful imagination sud build worlds of our 
own, we must not wonder at our going wide from the path of truth and 
nature ; but these will vanish like the Gartsian vortices that soou gave 
way when better theories were offered. On the other hand, if we add 
observation to observation, without attempting to draw, not only certain 
conclusions, but also conjectural views from them, we olfeud against the 
very end for which only observations ought to be made." 

Sir John Ilerachcl ba^ also described the quality primarily requisite 
in a theorist. "As a first preparation," the paper goes on to say, "he 
must loosen liis bold on all crude and hastily-adopted notions, and must 
strongtben himself by something like an effort and a resolve for the un- 
prejudiced admission of any conclusion which shall appear to be suppori:ed 
by careful observation and logical argument, even should it prove of a 
nature adverse to notions he may have previously formed for himself, 
or taken up, without examination, on the credit of others. Such an ef- 
fort is, in fact, a commencement of that intellectual discipline which 
forms one of the most important ends of all science. It is the first 
movement of approach towards that state of mental purity which alone 
can fit us for a full and steady iterceptlou of moral beauty as well as 
physical adaptation. It is the 'euphrasy and rue' with which we must 
' purge our sight ' before we can receive and contemplate as they are 
the liniameuts of truth and nature." ^-, . 

D„:,iP<.-jM,CjOOglC 
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These principles Sir John Herschel strictly observed. He apptx>acbed 
every snbject on which be proposed to theorize with "enlbrced mental 
pprity." He divested himself of prejndice. Previous views, precon- 
ceived notions, pride of opinion were ca8ta.8ide. Like a child, he went to 
Natnre'a school to learn what she had to teach. When he entered on 
his astronomical labors, double stars were supposed to be two stars seen 
aandaitally in the same direction, and his father had propounded the 
grandest views respecting galaxies beyond oar own. Sir John Her- 
schel must have regarded these two theories with great favor, for they 
were associated with the name of his father. Kotwithstandiug this, Sir 
John devoted twenty-one yeara — eight iu resurveying the fields of 
space which bad been swept by his father's telescope, four in observa- 
tion of the southern heavens, and nine in reducing his work to form 
— in order to confirm or overturn, as facts might warrant, these hypo- 
theses of his father. From him we now know that double stars are not 
stars seen accidentally in the same direction, but are star-couples, asso- 
ciated by the mighty bond of common gravity. We also know that the 
second hypothesis did not bear thecmcial test to which it was subjected. 
Other theories, indeed, of the elder Herscbel, in their important feat- 
ures, were confirmed. It is not of that, however, that we speak, but 
of the conscientious honesty and philosophic spirit with which the son 
reviewed and continued his father's work, forever setting scientific 
truth higher than filial reverence. 

Sir John Herscbel was most sagacious in the interpretation of facts. 
Take, tbr example, his examination of the Magellanic clouds, those two 
curious patches on the southern celestial vault. He mapped their out- 
lines, pictured their minute stars, and colored and shaded their star- 
cloudlets. At this point others. might have stopped. There was an 
array of interesting objects in certain regions of the heaveps. What 
more could he say 1 But Sir John Herscbel was not thus satisfied. He 
reasoned from the globular shape of the Magellanic clouds to the dis- 
tance of the star-cloudlets within them, thence to the scale on which 
they were formed, and thus deduced the most important conclusion, 
perhaps, ever arrived at in astronomy by abstract reasoning, to wit, that 
all Ae orders of star-cloudlets beUing to our own system. 

Again, Sir John Herscbel was deeply impressed with the existence of 
analogies throughout the whole range of creation. In a private letter 
written to Eichard A. Procter, as late as 1869, we find him saying : 
"An opinion which the structure of the Magellanic clouds has often 
suggested to me, has been strongly recalled by what you say of the 
ioclosion of every variety of nebulous form within our galaxy, viz, that 
if finch be the case, that is, if these forms belong to the galactic system, 
then that system includes within itself miniatures of itself on an almost 
infinitely reduced scale, and what evidence then have we that there 
exists a universe beyond, unless a sort of argument from analogy, that 
the galaxy, with all its contents, way be but one of these miniatures of 
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that vast auiverse, aud so on an infinitum, aud that in that oniverse there 
may exist multitudes of other systems on a scale as vast as oar galaxy, 
the analogues of those other nehulous aud clustering forms which are 
not miuiatares of our galasyl" 

As an illustratjou of bis power of tracing the chain that biuds caase 
and effect, we may refer t« a passage in his Treaties on Astronomy. 
Tracing the coanection between the central luminary of our system and 
terrestrial pheDoniena, Six John remarks that "the sun's rays are the 
ultimate source of almost every motion that takes place on the surface of 
the earth. By its heat are produced the winds and those disturbances on 
the electric equihbrium of the atmospbere which give rise to the 
phenomena of lightning, and probably also to those of terrestrial 
magnetism and the aurora. By their vivifying action vegetables are 
enabled to draw support irom inorganic matter, and become in their 
turn the support of animals and man, and the sources of those great 
deposits of dynamical efBciency which are laid up for human use in our 
coal strata. By them the waters of the sea are made to circulate in 
vapors through the air and irrigate the laud, X'roducing springs and 
rivers. By them are produced all disturbances of the chemical eqai- 
librium of tbe elements of nature, which by a series of compositions aud 
decompositious give rise to uew products aud originate transfers of 
material. Even the slow degradation of the solid constituents of the 
surface, in which its chief geological changes consist, is almost entirely 
due, ou the one hand to the ahra^on of wind and rain, and the alterna- 
tion of heat and frost, and on the other band to the continual beating 
of sea- waves, the result of solar radiation." 

He was an admirable expounder of scientific principles. His style of 
writing is perhaps cumbrous, and his sentences are often long aud in- 
volved, ^ut the thought he would express, like a thread of silver 
running through a web of purple, is always clear. The popular taste for 
astronomical studies is due to his writings more than to those of all other 
men. 

He, of all others, held mastery over pride of self-opinion. His own 
errors he admitted iustautly they were discovered. Upon theories of 
others be worked as fairly and patiently as upon his own. He never 
struggled for a known error nor declined to accept aproventnith. With 
untiring patience, observing skill, and ingenious device, he sought earn- 
estly to detect falsehood in his own opinions, aud to discover truth in the 
oplnious of others. It is said that he had a feeble grasp upon facts ; that 
while bis father clung with vise-like grip to the sure and the known, he 
at times allowed them to slip from his grasp. " If so, it were a grievous 
fault." But so few are the instances — not above two or three — cited by 
those who allege this, so unimportant are the facts named, so apparent is 
the motive, unconscious it may be to themselves, of the theorizers who 
urge the objection, that it would seem probable that his opinions upon the 
facts had been misinterpreted or his statements of them misunderstood. 
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Even if tbis blemisli exists, it is bnt as a spot ttpon the sun. It argnes 
no more tbaa that in one particular tbe son was second to tbe father. 
But without more satisfactory evidence we prefer to range oarselves 
among the doubters, and to be among the nnmber of those who believe 
that Sir John Herschel's reasoning was never in a single instance marred 
by a forgotten fact. 

In the contemplation of the work of the two Herscbela, let as remark 
in conclusion, and what that work has revealed to as, tbe mind stands 
appalled. Beason shrinks before the specter of boundless creation. 
If oar Bun and all his planets, primary and secondary, are in rapid 
motion i-oand an invisible focus — if from that mysterious center no ray 
of light has ever reached oor globe, then the bnried relics of primeval 
life have taught us less of man's brief tenure on this terrestrial paradise 
than we learn from the lesson of the stars. The one may date back 
nonnmbered centuries, the other declares that from the origin of the 
fanman race to its far distant fature the system to which it belongs will 
have described but an in&oitesimal are of an immeasurable cirele in 
which it is destined to revolve. 

He married Margaret Brodie, daughter of Dr. Stewart, in 1829; she 
and a numerous family survive him. Two of his sous are already very 
favorably known in the realm of science, and their father lived to see 
one of them selected by the council for election to the Boyal Society. 
Another son has an important professorship in the north of England. 
The eldest son, the present Sir William Herschel, occupies, with dis- 
tingaished merit, a very important post in the civil service of Bengal. 

Herschel's whole life, like the lives of Newton and Faraday, confutes 
the assertion, and ought to remove tbe suspicion, that a profound stady 
of nature is unfavorable to a sincere acceptance of the Christian faith. 
SuirODUded by an atfectionate family, of which he was long spared to 
be the pride, the guide, and tbe lit^ John Herschel died, as he had lived, 
in the nnostentatious exercise of a devout, yet simple, faith. 
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BIOORAPHT READ BEFORB THB FRENCH ACADEUT OV eCIENCBB, BY H. ARAGO. 



Qbntlbuen : In former times one Academician differed from another 
only in the namber, tlie nature, and the brilliancy of his discoveriea. 
Their lives, thrown in some respects into the same mold, conBiste^ of 
eventa little worthy of remark. A boyhood more or less stadious ; pro- 
gress sometimes slow, sometimes rapid ; inclinationa thwarted by capri- 
cionsor shortsighted parents; inadequacy of means, the privations which 
it introduces iu its train ; thirty years of a laborious professorship and 
difflcalt studies — such were the elements from which the admirable tal- 
ents of the early secretaries of the Academy were enabled to execute 
those portraits so piqnant, so lively, and so varied, which form one of 
the principal ornaments of your learned collections. 

In the present day, biographies are less confined iu their object. The 
coovttlsious which France has experienced in emancipating herself from 
the swaddling-clothes of routine, of saperstition, and of privilege, have 
cast into the storms of political life citizens of all ages, of all conditions, 
and of all characters. Thus has the Academy of Sciences figured during 
forty years in the devouring arena, wherein might and right have alter- 
nately seized the snpreme power by a glorioos sacrifice of combatants 
and victims! 

Becall to mind, for example, the immortal National Assembly. You 
will find at its head a modest Academician, a pattern of all the private 
Tirtnes, the unfortunate Bailly, who, in the different phases of his politi- 
cal life, knew how toreconcilea passionate affection for his country with 
a moderation which his most cruel enemies themselves have beeu com- 
pelled to admire. 

When, at a later i>eriod, coalesced Europe launched against France a 
million of soldiers ; wheu it became necessary to organize for the crisis 
fonrteeu armies, it was the ingenious author of the JEssai »ur let Machines 
and of the OSomSlrie de» Potitions who directed this gigantic oi>eration. 
It was again Caniot, onr honorable colleague, who presided over the . 
incomparable campaign of seventeen months, during which French 
troops, novices in the profession of arms, gained eight pitched battles, 
were victorious in one hundred and forty combats, occupied one hun- 
dred and sixteen fortified places, and two hundred and thirty forts or 
redoubts, enriched our arsenals with four thousand cannon and seventy 
thousand muskets, took a hundred thousand prisoners, and adorned 
the dome of the Invalids with ninety flags. During the .same time 
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the Chaptals, tlie Fonrcroys, the Monges, the Berthollets, nisbed also 
to the defeDse of French independence, some of them extracting from 
onr soil, by prodigies of indnstry, the very last atoms of saltpeter 
which it contaiaed ; others traosforming, by the aid of new aud rapid 
methods, the bells of the towns, villages, aud smallest hamlets into a 
formidable artillery, which onr enemies snpposed, as iodeed they had a 
right to suppose, we were deprived of. At the voice of his coontiy in 
danger, another Academician, the yonng and learned Meunier, readily 
renounced the seductive pursuits of the laboratory ; be went to distin- 
guish himself upon the ramparts of Eonigstein, to contribute as a hero 
to the long defense of Mayence, and met bis death, at the age of forty 
years only, after having attained the highest position in a garrison 
whereiD shone the Anbert-Dubayets, the Beaupays, the Eaxos, tbe 
Klebers. 

How conld I forget here the last secretary of the original Academy I 
Follow him into a celebrated assembly, into that convention, the sangnio- 
ary delirium of which we might almost be inclined to pardon, when we 
call to mind how gloriously terrible it was to the enemies of our inde- 
pendence, and you will always see the illustrious Condorcet occupied 
exclusively with the great interests of reason aud hamanity. You will 
hear him denounce the shameful brigandage which for two centuries 
laid waste the African continent by a system of corruption ; demand in 
a tone of profound conviction that the code be purified of the frightfol 
stain of capital ponishment, which renders the error of the judge for- 
ever irreparable. He is the official organ of the Assembly on every occa- 
sion when it is uecessary to address soldiers, citizens, political parties, 
or foreign nations in language worthy of France; he is not the tactician 
of any party ; he incessantly entreats all of them to occupy their atten- 
tion less with their own interests and a little more with public mat^ 
tera ; he replies, finally, to unjust reproaches of weakness by acts which 
leave him the only alternative of the poison cop or the scaffold. 

The French Bevolution thus threw the learned geometer, whose dis- 
coveries I am abont to celebrate, far away from the route which destiny 
appeared to have traced out for him. lu ordinary times,it would be 
about Dom * Joseph Fourier that the secretary of the Academy would 
have deemed it his duty to have occupied your attention. It would be 
the tranquil, the retired life of a Benedictine which he would have 
unfolded to yon. The life of our colleague, on the contrary, will he agi- 
tated and full of perils; it will pass into the fierce contentions of the 
fomm and amid the hazards of war ; it will be a prey to all the anxieties 
which accomi>auy a difficult administration. We shall find this life Inti- 
mately associated with the great events of our age. Let os hasten to 
add, that it will be always worthy and honorable, and that the personal 
qualities of the man of science will enhance the brilliancy of his dis- 
coveries 

'An dblireviatioii of Domiona, eqaivalent to tlie English prefix ^T^>Wii^4t^2yaMlal«r. 
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Foarier was bom at Aaxerre on the 2l8t of March, 1768. His father, 
like that of the illa^trions geometer Lambert, was a tailor. This cir- 
euDistaace would formerly have occupied a large place ia the Sloge of 
onr learned colleague ; thaoks to the progress of eulighteued ideas, X 
may mention the circiimstance as a fact of no importance: uobody, in 
effect, thinks in the present day, nobody even pretends to think, that 
genius is the privilege of rank or fortune. 

Feurier became an orphan at the age of eight years. A lady who 
had remarked the amiability of his manners and his precocious oataral 
abilities, recommended him to the bishop of Auxerre. Through t.he 
influence of this prelate, Fourier was admitted into the military school 
which was conducted at that time by tbe Benedictines of the Convent 
of St. Mark. There he prosecuted his literary studies with surprising 
rapidity and success. Many sermons very much applauded at Paris in 
the mouth of high diguitaries of the church were emanations teom the 
pen of the schoolboy of twelve years of age. It woald be impossible in 
the present day to trace those first compositions of the youth Fourier, 
since, while divulging the plagiarism, he had the discretion never to 
name those who profited by it. 

At thirteen years Fourier had tbe petulence, the noisy vivacity of 
most young people of the same age; but his character changed all at 
once, and as if by enchantment, as soon as he was initiated in the first 
principles of mathematics, that is to say, as soon as he became sensible 
of bis real vocation. The hours prescribed for study no longer sufficed 
to gratify his insatiable curiosity. Ends of candles cart'fully collected 
in tbe kitchen, the corridors and the refectory of the college, and placed 
on a hearth concealed by a screen, served during the uiglit to illuminate 
the solitary studies by which Fourier prepared himself for those labors 
which were destined, a few years afterward, to adorn his name and his 
conntry. 

In a military school directed by monks, the minds of the pupils neces- 
sarily waver only between two careers in life — tbe church and the sword. 
Like Descartes, Fourier wished to be a soldier; like that philosopher, 
he would doubtle-ss have found the life of a garrison very wearisome. 
But he was not permitted to make the experiment. His demand to 
undergo the examination for the artillery, although strongly supported 
by our illustrious colleague Legeudre, was rejected with a severity of 
expression of which you may judge yourselves: "Fonrier," replied the 
minister, " not being noble, could not enter the artillery) although he 
were a second Newton." 

Gentlemen, there is in the strict enforcement of regulations, even 
when tbey are most absurd, something respectable, which I have a 
pleasure in recognizing; in the present instance nothing could soften 
the odious character of the minister's words. It is not true in reality 
that no one could tbrmerly enter into the artillery who did Qot possess 
a title of nobility : a certain fortime frequently supplied the want of 
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parchments. Thns it was not a aomething undefloable, which, by the 
Tay, our ancestors, the Franks, had not yet invented, that was wnntJDg 
to young Fourier, but rather an income of a few hnodred livres, wbicb 
the men who were then placed at the head of the country would have 
refused to acknowledge the genius of Newtou as a just equivalent for I 
Treasnre np these facts, gentlemen ; tbey form an admirable illustration 
of the immense advances which France has made daring the last forty 
years. Posterity, moreover, will see in this, not the excuse, but the 
explanation of some of those sanguinary dissensions which stained our 
first revotntiou. 

Fourier, not having been enabled to gird ou the sword, assumed the 
habit of a Benedictine, and repaired to the Abbey of St. Benoitrsur-Loire, 
where he intended to pass the period of his novitiat«. He had uut yet 
taken any vows when, in 1789, every mind was captivated with beauti- 
fully sedncdve ideas relative to the social regeneration of France. 
Fourier now renoonced the profession of the chnrch ; but this circnni- 
stance did not prevent his former masters from appointing him to the 
principal chair of mathematics in the military school of Auxerre, and 
bestowing npon him numerous tokensof a lively and sincere aftection. I 
venture to assert that do event in the life of our colleague affords a more 
striking proof of tbe goodness of his natural disposition and the amia- 
bility of his manners. It wonld be necessary not to know the human 
heart to suppose that tbe monks of St. Benolt did not feel some chagrin 
upon finding themselves so abruptly abandoned, to imagine esjiecially 
that they should give up without lively regret the glory which the order 
mi|^t have ex]>ected from the ingenious colleague who had just escaped 
from them. 

Fourier responded worthily to the confidence of which he hati just 
become the object When his colleagues were indisposed, the titnlar 
professor of mathematics occupied in turns the chairs of rhetoric, of 
history, and of philosophy; and whatever might be the subject of hia 
lectures, he diffused among an audience which listened to him with de- 
light the treasures of a varied and profound emditiou, adorned with all 
tbe brilliancy which the most elegant diction could impart to them. 

About the close of the year 1789, Fourier repaired to Paris and read 
before the Academy of Sciences a memoir on the resolution of numerical 
equations of all degrees. This work of his early youth onr colleague, so 
to speak, never lost sight of. He explained it at Paris to the pupils of 
the Polytechnic School ^-^e developed it upon tbe banks of the 'SMe in 
presenceof tbe Institute of Egypt ; at Grenoble, from the year 1802, it was 
his favorite subject of conversation with the professors of the Central 
School and of the faculty of sciences. This finally contained the elements 
of the work which Fourier was engaged in seeing through the press when 
death put an end to his career. 

A scientific subject does not occupy so much space in the life of a man 
' the first rank without being important and difiBcnlt. 
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The subject of algebraic aaalysis above mentioned, which Fourier bad 
studied with a perseverance ao remarkable, is not an exception to this 
nile. It offers itself in a great number of applications of calculation to 
the movements of the heavenly bodies, or to the physics of terres- 
trial bodies, and in general in the problems which lead to equations of 
a high degree. As soon as tie wishes to quit the domain of abstract re- 
lations, the calculator has oocasion to employ the roots of these equa- 
tions; thos theartof discovertngthem by the aid of a uniform method, 
either exactly or by approximation, did not fad at an early period to 
excite the attention of geometers. 

An observant eye perceives already some traces of their efforts in the 
writings of the mathematicians of the Alexandrian school. These traces, 
it must be acknowledged, are so slight and so imperfect that we should 
tmly be justified in referring the origin of this branch of aualysiB only 
to the excellent labors of our countryman Vieta. Descartes, to whom 
we render very imperfect iustice when we content ourselves with saying 
that be taught us much when he taught us to doubt, occupied his atteo- 
tioD also for a short time with this problem, and left upon it the iDdelibie 
impress of his powerful mind. Huddo gave for a particular bat very 
important case rules to which nothing has since been added. Bolle, of 
the Academy of Sciences, devoted to this one subject his entire life. 
Among our neighbors on the other side of the channel, Harriot, iffewton, 
■Maclauriu, Stirling, Waring — I may say all the illustrious geometers 
which Eugland produced in the last ceutury—made it also the subject of 
their researches. Some years afterward the names of Daniel BemouUi, 
of Eulcr, and of Fontaine came to be added to so many great names. 
Finally, Lagrange in his turn embarked in the same career, and at the 
very commeucement of his researches be succeeded in substituting for 
the imperfect, although very ingenious, essays of his predecessors, a 
complete method which was free from every objection. From that 
instant the dignity of science was satisfied ; but in suoh a case it would 
not be permitted to say with the poet — 

" Le temps ne fait tiea It I'afiaire." 

Kow, although the processes invented by Lagrange, simple in princi- 
ple and applicable to every ease, have theoretically' the merit of leading 
to the result with certainty, still, on the other hand, they demand cal- 
eolations of a most repulsive length. It remained then to perfect the 
practical part of the question : it was necessary to devise the means of 
ahortening the rout« without depriving it in any degree of its certainty. 
Such was the principal object of the researches of Fourier, and this he 
has attained to a great extent. 

Descartes had already found, in the order according to which the 
signs of the different terms of any numerical equation whatever succeed 
each other, the means of deciding, for example, how many real positive 
roota this equation may have. Fourier advanced a step ftiFther: Jve 
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discovered a method for determinuig 'wbat number of the eqaally posi- 
tive roots of every eqnation may be found iocluded between two given 
qoaDtities. Here certain calculations become necessary, but they are 
very simple, and whatever be the precision desired, they lead without 
any tronble to the sohitions sought for. 

I donbt whether it were possible to cit« a single scientific discovery 
of any importance which lias not excited discussions of priority. The 
new method of Fourier for solving numerical equations is in this respect 
amply comprised within the common law. We ought, however, to ac- 
knowledge that the theorem wtiich serves as the basis of this method 
was first published by M. Budan ; that according to a rule which the 
principal academies of Europe have solemnly sanctioned, audfrom which 
the historian of the sciences dares not deviate without falling into arbi- 
trary assnmptions and confusion, M. Budan ought to be considered as 
the inventor. I will assert with equal assurance that it would be im- 
possible to rei^ise to Fourier the merit of having attained the same ob- 
ject by bis own efforts. I even regret that, in order to establish rights 
which nobody has contested, he deemed it necessary to have recourse 
to the certificates of early pupils of the Polytechnic School or profes- 
sors of the University. Since our colleagae had the modesty to suppose 
that bis simple declaration would not be sufficient, why (and the argu- 
ment would have had mnch weight) did he not remark in what respect 
his demonstration differed from that of his competitor! — an admirable 
demonstration, in effect, and one so impregnated with the elements of 
the question, that a young geometer, M. Sturm, has just employed it to 
establish the truth of the beautiful theorem by the aid of which be de- 
termines not the simple limits, but the exact number of roots of any 
eqnation whatever which are comprised between two given quantities^ 

We had just left Fourier at Paris, submitting to the Academy of Sci- 
ences the analytical memoir of which I have just given a general view. 
Upon his return to Auxerre, the young geometer found the town, the 
surrounding country, and even the school to which he belonged, occa- 
pied intensely with the great questions relative to the dignity of human 
nature, philosophy, and politics, which were then discussed by the ora- 
tors of the different parties of the National Assembly. Fourier aban- 
doned himself also to this movement of the human mind. He embraced 
with enthusiasm the principles of the Bevolutiou, and he ardently asso- 
ciated himself with everything grand, just, and generous wbich the pop- 
ular impulse offered. His patriotism made him acceptthe most difficult 
missions. We may assert, that never, even when his life was at stake, 
did he truckle to the base, covetous, and sanguinary passions which dis- 
played themselves ou all sides. 

A member of the popular society of Auxerro, Fourier exercised there 
an almost irresistible ascendency. One day — all Burgundy has pre- 
served the remembrance of it— on the occasion of a levy of three hun- 
dred thousand men, he made the words honor, country, glonr, ring so 

L.oo'jlc 
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eloquently, he iodnced bo many voluntary enrollmeDts, that the ballot 
was not deemed necessary. At the command of the orator the contin- 
gent assi^ed to the chief town of the Yonne formed in order, aesembled 
together within the very enclosure of the Assembly, and marched forth- 
with to the frontier. TlDfortunately these stmggles of the fomm, in 
which so many noble lives then exercised themselves, were far ft«m 
having always a real importance. Bidicnlons, absurd, and bnrlesqae 
notions itynred incessantly the inspirations of a pare, sincere, and en- 
lightened patriotism. The popnlar society of Aozerre would famish ns, 
ia case of necessity, with more than one example of those lamentable 
contrasts. Thus I might say that in the very same apartment wherein 
Fourier knew how to excite the honorable sentiments which I have with 
pleasure recalled to mind, he had on another occasion to contend with 
a certain orator, perhaps of good intentions, bat assuredly a bad astron- 
omer, who wishing to escape, said he, ttom tke good pletaure of munici- 
pal rulers, proposed that the names of the north, east, south, and west 
qnar^rs should be assigned by lot to the different parte of tiie town of 
Auxerre, 

Literature, the fine arts, and the sciences appeared for a moment to 
flonrish under the auspicious influence of the French Revolution. Ob- 
serve, for example, with what grandeur of conception the reformation 
of weighte and measures was planned ; what geometers, what astrono* 
mere, what eminent philosophers presided over every department of this 
noble nndertoking 1 Alas ! frightlbl revolutions in the interior of the 
country soon saddened this magnificent spectacle. The sciences could 
not prosper in the midst of the desperate contest of factions. They 
would have blasbed to owe any obligations to the men of blood, whose 
blind passions immolated a Saron, a Bailly, and a Lavoisi^re. 

A few months after the 9th Thermidor, the convention being desirous 
of diffusing throughont the country ideas of order, civilization, and in- 
temal prosperity, resolved upon organizing a system of public instruc- 
tion, bnt a difficulty arose in finding professors. The members of the 
corps of instruction bad become officers of artillery, of engineering, or 
of th^tef^n^ware combating the enemies of France at the irontiers. 
Fortdnffl!ly«^^RVpoch of intellectual exaltation, nothing seemed im> 
possible. Professors were wanting: it was resolved without delay to 
create some, and the normal school spmng into existence. Fifteen hun- 
dred citizens of all ages, dispatehed from the principal district towns, 
assembled together, not to study in all their ramifications the different 
branches of human knowledge, bat in order to learn the art of teaching 
nnder the greatest masters. 

Fourier was one of these fifteen hundred pupils. It will, no doubt, 
excite some surprise that be was elected at St. Florentine, and that 
Auxerre appeared insensible to the honor of being represented at Paris 
by the most illnstrions of her children. But this indifference will be 
readily understood. The elaborate scaffolding of calumny which it has 
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serred to support will fall to tbe ground as eoon as I recall to uind, 
that after the 9th Thermidor the capital, and especially the provinces, 
became a prey to a blind and disorderly reaction, as all politick reac- 
tions iurariably are; ttiatcrime (the crime of having changed opinions — 
iC was nothing less hideous) usurped the place of justice ; that excellent 
citizens ; that pure, moderate, and conscientious patriots were daily 
massacred by bired bands of assassins iu prraence ctiT whom the inhabit- 
ants remained mute with fear. Such are, gentlemen, the formidable 
influences which for a moment deprived Fourier of tbe suffrages of his 
countrymen j and caricatured, as a partisan of Bobespierre, the individ- 
ual whom St. Just, making allusion to his sweet and persuasive elo- 
quence, styled a, patriot in mmio; who was so often thrown into prison 
by the Decemvirs; who, at the very height of the reign of terror, ofTered 
before the revolutionarytribnnattheassistanceof Ms admirable talents to 
the mothw of Marshal Davonst, accused of the crime of having at that 
unrelenting epoch sent some money to the emigrants; who had the in- 
credible boldness to shot up at the inn of Tonnerrean agent of the com- 
mittee of public safety, into the secret of whose mission be penetrated, 
and thus obtained time to warn an honcH^ble citizen that he was abont 
to be arrested; who, Anally, attaching himself personally to the saa- 
gttiaary proconsul before whom every one trembled in Tonne, made bim 
pass for a madman, and obtained his recall I Yon see, gentlemen, some 
of the acts of patriotism, of devotion, and of humanity which signalized 
the early years of Fourier. They were, you have seen, repaid with in- 
gratitude. But ought we, in reality, to be astonished at itf To expect 
gratitude from the man who cannot make an avowal of his feelings with- 
out danger would be to shut one's eyes to the frailty of human natnie 
and to expose (Hie's self to frequent disappmntments. 

In the normal school of the convention, discussion from time to time 
succeeded ordinary lectures. On those days an interchange of charao- ' 
ters was effected : the pupils interrogated the professors. Some vords 
pronounced by Foorier at one of those curious and useful meetings suf- 
ficed to attract attention toward him. Accordingly, as soon as a ne- 
cessity was felt to create masters of conference, all eyes were turned to- 
ward the pupil of St. Florentine. The precision, the clearness, and the 
elegance of his lectures soon procured for him the unanimous applause 
of the fastidious and numerous audience which was confided to him. 

When he attained the height of his scientific and literary glory, 
Fourier used to look back with pleasure upon the year 1794, and upon 
the sublime efforts which the French nation then made for the purpose 
of organizing a corps of public instruction. If he had ventured, the title 
of pupil of tbe original normal school would have been beyond doubt that 
which be would have assumed by way of preference. Gentlemen, that 
school perished of cold, of wretchedness, and of hunger, and not, what- 
ever [leopie may say, from certain defects of organization, which time and 
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«nce, it imparted to scienti&c studies qnite a new direction, wbich has 
been productive of the most important results. In supporting this 
opinion at some length, I shall acquit myself of a task which Fourier 
iroold certainly bare imposed upon me, if he could have suspected that 
-with just and eloquent eulogiums of his character and his labors there 
should mingle within the walls of this apartment, and even emanate 
from the mouth of one of his successors, sharp critiques of his beloved 
normal school- 
It is to the normal school that we mnst inevitably ascend if we would 
desire to ascertain the earliest public teaching of descriptive geometry, 
that fine creation of the genius of Monge. It is from this source that it 
bas passed almost without modification to the Polytechnic School, to 
fonnderies, t« manufactories, and the most bumble workshops. 

The establishment of the 34'onnal School accordingly indicates the com- 
mencement of a veritable revolution in the stnd^ of pure mathematics ; 
with it demonstrations, methods, and important theories, bnried in 
academical collections, appeared for the first time before the pupils, and 
encouraged them to recast upon new bases the works destined for 
instruction. 

"With some rare exceptions, the philosophers engaged in tbe cultiva- 
tion of science constituted formerly in France a class totally distinct 
from that of the professors. By appointing the first geometers, the first 
philosophers, and the first naturalists of the world to be professors, tbe 
convention threw new luster upon the profession of teaching, the ad- 
vantageons influence of which is felt in the present day. In the opinion 
of the public at large, a title which a Lagrange, a Laplace, a Monge, a 
Bertbollet, had borne, became a proper matich to tbe finest titles. If 
under the empire, the Polytechnic School counted among its active pro- 
fessors councilors of state, ministers, and the president of the senate, 
yon must look for tbe explanation of this fact in the impulse given by 
the Normal School. 

Yon see in the ancient great colleges professors concealed in some 
degree behind tbeir portfolios, reading as from a pulpit, amid the indif- 
ference and inattention of tbeir pupils, discourses prepared beforehand 
with great labor, and wbich reappear every year in the same form. 
Nothing of this kind existed at tbe Normal School ; oral lessons alone 
were there permitted. The authorities even went so &r as to require of 
the illustrious savants appointed to the task of instruction the formal 
promise never to recite any lectures which they might have learned by 
heart. From that time tbe chair bas become a tribune where the pro- 
fessor, identified, so to speak, with bis audience, sees in their looks, 
iu their gestures, in their countenance, sometimes the necessity for pro- 
ceeding at greater speed, sometimes, on the contrary, the necessity of 
retracing his steps, of awakening the attention by some incidental ob- 
eer%'ation8, of clothing in a new form the thought which, when first 
expressed, had left some doubts in the minds of bis audience. And do 
10 8 71 C.OOt^lc 
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Dot suppose that tlie beautiful impromptu lectures with which the amphi- 
tbeat«r of the Normal School resouDded remained unknown to the 
public Shott-hand writers paid by the State reported them. The 
sheets, after being revised by the professors, were sent to the fifteen 
hundred pupils, to the members of convention, to the consuls and agents 
of the republic iu foreign countries, to all governors of districts. There 
was in this something certainly of profusion compared with the parsi- 
monious and mean habits of our time. 2fobody, however, would concur 
in this reproach, however slight it may appear, if I were permitted to 
point out in this very apartment an illustrious Academician, whose 
mathematical genins was awakened by the lectures of the Normal School 
iu an obscure district town. 

The necessity of demonstrating the important services, ignored in the 
present day, for which the dissemination of the sciences is indebted to 
the first Normal School, has indncod me to dwell at greater length on the 
subject than I intended. I hope to be pardoned ; the example in any 
case will not be contagions. Enloginms of the past, you know, gentle- 
men, are do longer fashiooable. Everything which is said, everything 
which is printed, induces us to suppose that the world is the creation of 
yesterday. This opinion, which allows to each a part more or less 
brilliant in the cosmogonic drama, is under the safeguard of too many 
vanities to have anything to fear from the efforts of logic. 

I have already stated that the brilliant success of Fourier at the Nor- 
mal School assigned to him a distinguished place among the persons 
whom nature has endowed in the highest degree with the talent of pub- 
lic tuition. Accordingly, he was not forgotten by the founders of the 
Polytechnic School. Attached to that celebrated establishment, first 
with the title of saperintendent of lectures ou fortification, afterward 
appointed to deliver a course of lectures on analysis, Fourier has left 
there a venerated name, and the reputation of a professor distinguisfaed 
by clearness, method, and erudition ; I shall add even the reputation of 
a professor AiII of grace, for our colleague has proved that this kiud of 
merit may not be foreign to the teaching of mathematics. 

The lectures of Fourier have not been collect«d together. The Jour- 
nal of the Polytechnic School contains only one paper by him, a memoir 
up«n the " Principle of virtual velocities." This memoir, which prob- 
ably bad served for the text of a leoture, shows that the secret of our 
celebrated professor's great success consisted in the combinatiou of 
abstract truths, of interesting applications, and of historical details 
little known, and derived, a thing so rare in oar days, &om original 



We have now arrived at the epoch when the peace of Leoben brought 
back to the metropolis the principal ornaments of oar armies. Then 
the professors and the pupils of the Polytechnic School had sometimes 
the distinguished honor of sitting in their amphitheaters beside Gen- 
erals Desais and Bonaparte. Everything indicated to them, then an 
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active participation ia the events which each forvsnw, and which in fact 
were not long in uccnrring. 

Notwitiiistancling the precariona condition of Europe, the Directory 
decided npon denadiDg the country of its best troops, and lanncbing 
them upon an adventnroos expedition. The five chiefs of the republic 
were then deBirons of removing fh>m Paria the conqaeror of Italy, of 
thereby patting an end to the popalar demonstrations of which he every- 
where formed the object, and which so<vter or later would become' a real 
danger. 

On tbeother hand, the illustrious general did not dream merely of themo- 
mentary conqneatof Egypt; he wiahed to restore to thatcountryita ancient 
splendor; he wished to extend its cultivation, to improve its system of 
irrigation, to create new branches of industry, to open to commerce 
numerous ontlet«, to stretch ont a helping hand to the nnfortnnate in- 
habitants, to rescue them from the galling yoke un<ler which tbey had 
groaned for ages — in a word, to bestow upon them without delay all the 
benefits of European civilization. Designs of such magnitude could not 
have been accomplished with the mere personnel of an ordinary army. 
It was neeessary to appeal to science, to literature, and to the flue arts ; 
it was necessary to ask the cooperation of several men of judgment and 
of experience. Mouge and Berthollet, both members of the Institute 
and professors in the Polytechnic School, became, with a view to this 
object, the principal recruiting aids to the chief of the expedition. Were 
our colleagues really acquainted with the object of this expedition T I 
dare not reply in the afBrmative; bnt I kuow at all events that they 
were not permitted to divulge it. We are going to a distant country ; 
we shall embark at Tonlon ; we shall be constantly with yon ; General 
Bonaparte will command the army, such was in form and substance the 
limited amount of confidential information which had been imperiously 
traced ont to them. Upon the faith of words so vague, with the chances 
of a naval battle, with the English hulks in perspective, go in the pres- 
ent day and endeavor to enroll a Mher of a family, a savant already 
known by useful labors and placed in some honorable position, an artist 
ID possession of the esteem and confidence of the public, and I am much 
mistaken if you obtain anything else than refusals ; bnt in 1798, France 
bad hardly emerged from a terrible crisis, during which her very ex- 
istence was frequently at stake. Who, besides, had not enconntered 
imminent persontU danger t Who had not seen with his own eyes enter- 
prises of a truly desperate nature brought to a fortunate issue 1 Is any- 
thing more wanted to explain that adventurona character, that absence 
of all care for the morrow, which appears to have been one of the most 
distinguishing features of the epoch of the Directory. Fourier accepted 
then, without hesitation, the proposals which hia colleagues brought to 
him in the name of the commander-in-chief; be quitted the agreeable 
duties of a professor of the Polytechnic School to go— he knew not wberej 
to do — he knew not what. m ii^cn GooqIc 
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Clianee placed Fourier during the voyage in the vessel in whiuh 
Kleher sailed. The friendship which the philosopher and the warrior 
rowed to each other from that moment was cot without some inflaeoce 
upon the events of which Egypt was the theater after the departure of 
Napoleon. 

Ue who signed his orders of the day, the Member of the Institute, Com- 
mander-itt-chiefof the Army in the Eati, conld not fail to place an academy 
among the means of regenerating the ancient kingdom of the Pharaohs. 
The valiant army which he commanded hod barely conquered at Cairo, 
on the occasion of the memorable battle of tlic Pyramids, when the In- 
stitute of Egypt sprung into existence. It consisted of forty-eight mem- 
bers, divided into foar sections. Monge had the honor of being the 
first president As at Paris, Bonaparte belonged to the section of 
mathematics. The situation of perpetual secretary, the filling up of 
which was left to the free choice of the society, was unanimously assigned 
to Fourier. 

You have seen the celebrated geometer discharge the same duty at 
the Academy of Sciences ; you have appreciated his liberality of mind, 
bis enlightened benevolence, his unvarying atDibility, his straightforward 
and conciliatory disposition ; add in imagination to so many rare quali- 
ties the activity which youth, which health, can atone give, and you will 
have again conjured into existence the secretary of the Institute of 
Egypt; and yet the jwrtrait which 1 have attempted to draw of bim 
would grow pale beside the original. 

Upon the banks of the Xile, Fourier devoted himself to assiduous 
researches on almost every branch of knowledge which the vast plan of 
the Institute embraced. The Decade and the Courier of Egypt will 
acquaint the reader with the titles of bis different labors. I find 
in these journals a memoir upon the general solution of algebraic 
equations; researches on the methods of elimination ; the demonstra- 
tion of a new theorem of algebra; a memoir upon the indeterminate 
analysis; studies on general mechanics; a technical and historical 
work upon the aqueduct which conveys the waters of the Nile to the 
Castle of Cairo; reflections npon the oases; the plan of statistical 
researches to be undertaken with respect to the state of Egypt; pro- 
gramme of an intended exploration of the site of ancient Memphis, and 
of the whole extent of burying-places ; a descriptive account of the 
revolutions and manners of Egypt, from the time of its conquest by 
Selim. 

I find also in the Egyptian Decade, that, on the first complementary 
day of the year VI, Fourier communicated to the Institute the descrip- 
tion of a machine designed to promote irrigation, and which was to be 
driven by the power of wind. 

This work, so far removed from the ordinary current of the ideas of 
our colleague, has not been printed. It would very naturally find a 
place in a work of which the exiwdition to Egj-pt might again furnish 
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the subject, uotwitbatandtng tbe maoy beautiful publications nhich it 
has already called into existeuce. It would be a descriptiou of tbe roan- 
nfactories of steel, of arms, of powder, of clotb, of machioes, aud of 
instrumeuts of every kind wbicb oar army bad to prepare for tbe occa- 
sion. If, during our infancy, tbe expedients wbicb Bobinson Crnsoe 
practiced in order to escape irom tbe romantic dangers wbicb be bad 
incessantly to encouoter, excite our interest in a lively degree, how, in 
mature age, conld we regard witb indifTerence a bandful of Frencbmen 
tbrowQ upon tbe inbospitable sbores of Africa, without any possible 
commanication witb tbe mother-country, obliged to contend at once 
with tbe elements and with formidable armies, destitute of food, of 
clothing, of arms, and of ammnoition, and yet supplying every want by 
the force of genius I 

The long route which I have yet to traverse will hardly allow me to 
add a few words relative tA tbe administrative services of tbe illustriona 
geometer. Appointed French commissioner at the Divan of Cairo, he 
became tbe official medium between the general-in-cbief and every 
Egyptian who might have to complain of an attack against his person, 
hia property, his morals, his habits, or his creed. An invariable suavity 
of manner, a scrupulou» regard for prejudices to oppose which directly 
would have been vain, an inflexible sentiment of justice, bad given bim 
an ascendency over the Mnssulman population, which tbe precepts of 
the Koran conld not lead any one to hope for, and which powerfully 
contributed to the maintenance of iriendly relations between the inhab- 
itants of Cairo and the French soldiers. Fonrier was especially held in 
veneration by the Cheilcs and the UMmas. A single anecdote will serve 
to show that this sentiment was the ofi'spring of genuine gratitude. 

Tbe £mir Hadgey, or Prince of the Caravan, who had been nominated 
by General Bonaparte upon his arrival ia Cairo, escaped during the 
campaign of Syria. There existed strong grounds at the time for snp- 
posing that four CheikB JJlemaa had rendered themselves accomplices of 
the treason. Upon his return to Egypt, Bonaparte confided the investi- 
gation of this grave aflfair to Fourier. " Do not," said be, " submit half- 
measures to me. Ton have to pronounce judgment npon high person- 
ages : we must either cut off their heads or invite them to dinner.'' On 
tbe day following that on which this conversation took place, the four 
Obeiks dined witb the generalin-chief. By obeying tbe inspirations of 
bis heart, Fourier did not jterform merely an act of humanity; it was, 
moreover, one of excellent policy. Oor learned colleague, M. Geoflfttjy 
Saint-Hilaire, to whom I am indebted for this anecdote, has stated in 
fact that Soleyman and Fayonmi, the principal of the Egyptian chiefs, 
whose pnnisbment, thanks to oor colleague, was so happily transformed 
into a banquet, seized every occasion of extolling among their conntry- 
men tbe generosity of tbe French. 

Fonrier did not display less ability when oar generals confided .diplo- 
matic missions to him. It is to his tact and urbanity that(<nuAmy is 
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indebted for au ofieosive and defensive treaty of Alliance witb Moond 
Bey, Justly proud of tliia resnlt, Fourier omitted to make knowu the 
details of the negotiatiou. This is deeply to be regretted, for tbe pleni- 
poteDtiaiy of Moorad was a woman, tbe same Sitty Nefi$ah whom Ele- 
ber bas immortalized by proclaiming ber beneficence, her noble character, 
in the bulletin of Heliopolls. and who, moreover, was already celebrated 
from one extremity of Asia to the other, in consequence of the bloody 
revolutions which her unparalleled beauty had excited among the 
Mamelnkes. 

Tbe incomparable victory which Kleber gained over tbe army of the 
Grand Vizier did not damp tbe energy of the janissaries, who had seized 
upon Cairo while the war was raging at Heliopolis. Tbey defended 
themselves from house to honse with heroic courage. The besieged bad 
to choose between tbe entuv destruction of tbe city and an honorable 
capitnlatioD. Tbe latter alternative was adopted. Fourier, charged, 
as asnal, with tbe negotiations, conducted tbem to a favorable issne; 
but on this occasion the treaty was not discussed, agreed to, and signed 
within the mysterious precincts of a harem, upon downy conches, under 
the shade of balmy groves. The piellminary discussions were held in 
a house half ruined by bnllets and grape-shot, in tbe center of the 
quarter of which t^e insorgeots valiantly disputed the possession with 
oar soldiers, before even it would have been possible to agree to the 
basis of a treaty of a few hoars. Accordingly, when Fourier was pre- 
paring to celebrate the welcome of tbe Turkish commissioner conform- 
ably to oriental usages, a great number of mnsket-ahots were fired frcHU 
tbe house in front, and a ball passed through tbe coffee-pot which be 
was holding in bis band. Without calling in question tbe bravery of 
any person, do you not think, gentlemen, that if diplomatists were usu- 
ally placed in equally perilous positions, the public wonid have less rea- 
son to complain of their proverbial slowness 1 

In order to exhibit, nnder one point of view, the various administrative 
duties of our indefatigable colleague, I should hare to show him to you 
on board the EngUsh fleet, at the instant of tbe capitulation of Menou, 
stipulating for certain guarantees in favor of the members of tbe Insti- 
tute of Egypt; but ser^ices of no less importance and of a diflerent nature 
demand also onr attention. They will even compel as to retrace our 
stepB, to aseeud even to the epoch of glorious memory wheu Desaix 
achieved the conquest of Upper Egypt, as much by tbe sagacity, the 
moderation, and tbe inflexible jastice of all bis acts, as by the rapidity 
and boldness of bis military operations. Bonaparte then apjminted two 
numerous commissions to proceed to explore in those remote regions a 
multitude of monuments of which the modems hardly suspected the 
existence. Fourier and Costas were the commandants of these com- 
missions. I say the commandants, for a snfficiently imposing military 
force had l>een assigned to them ; since it was frequently aft«r a combat 
with the wandering tribes of Arabs that the astronomer foiuid io the 
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movements of the heavenly bodies the elements of a future geographical 
map ; that the naturalist collected uuknown plants, determined the 
geological constitution of the soil, occupied himself with troublesome 
dissections; that the antiquary measured the dimensions of edifices; that 
he attempted to take a foitbful sketcli of the fantastic images with which 
everything was covered in that singular country, from the smallest 
pieces of furniture, fromthesimpletoysof children, to those prodigious 
palaces, to those immense facades, beside which the vastest of modern 
constmctions would hardly attract a look. 

The two learned commissions studied with scrupulous care the mag- 
nificent temple of the ancient Tentyrts, and especially the series of 
astronomical signs which have excited in oar days such liveljr discus- 
adons; the remarkable monuments of the mysterious and sacred Isle of 
Elephantine; the ruins of Thebes, with her hundred gates, before which 
(and yet they are nothing but ruins) our whole army balt«d, in a state of 
astonishment, to applaud. 

Fourier also presided in Upper Egypt over these memorable works, 
when the conmiander-in-chief suddenly quitted Alexandria, and returned 
to France with his principal fiiends. Those persons then were very 
much mistaken who, upon not finding onr colleague on board the frigate 
Mniron, beside Monge and Berthollet> imagined that Bonaparte did not 
appreciatie his eminent qualities. If Fourier was not a i>assenger, this 
arose from the circumstance of his having been a bnndred leagues from 
the Mediterranean when the Mniron set sail. The explanation contains 
nothing striking, bat it is true. In any case, the frieadly feeling of 
Kleber toward the secretary of the Institute of Egypt, the influence which 
he justly granted to him on a multitude of delicate occasions, amply 
compensated him for an unjnst omission. 

I arrive, gentlemen, at the epoch so suggestive of painful recollec- 
tions, when the Agaa of the janissaries, who bad fled into Syria, having 
despaired of vanquishing our troops so admirably commanded by the 
honorable arms of the soldier, had recourse to the dagger of the assassin. 
Ton are aware that a young fanatic, whose imagination had been 
wrought np to a high state of excitement in the mosques by a month of 
prayers and abstinence, aimed a mortal blow at the hero of Heliopolis at 
the instant when he was listening, without suspicion, and with his .usual 
kindness, to a recital of pretended grievances, and was promising redress. 

This sad misfortune plunged oar colony into i>rofound grief. The 
Egyptians themselves mingled their tears with those of the French 
soldiers. By a delicacy of feeling which we should be wrong in sup- 
posing the Mahometans not to be capuble of, they did not then omit, 
they have not since omitted, to remark, that the assassin and his three 
accomplices were not born on the banks of the Nile. 

The army, to mitigate its grief, desired that the funeral of Kleber 
should be celebrated with great pomp. It wished, also, that on that 
solemn day some person should recount the long series (of^f^i^j^t 
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actions which will traasmit the name or the illustrious general to the 
remotest posterity. By unanimous consent this honorable and perilous 
mission was conflded to Fourier. 

There are very few individuals, gentlemen, who have not seen the 
brilliant dreams of their youth wracked one after the other against the 
sad realities of matore age. Fourier was one of those few exceptions, 
' In effect, transport yourselves mentally back to the year 1789, and 
consider what would be the future prospects of the humble convert of St. 
Benoit-sur-Loire. No doubt, a small share of lit«rary glory ; the fovor of 
being heard occasionally in the churches of the metropolis ; the satis- 
faction of being appointed to eulogize such or such a public personage. 
Well, nine years have hardly passed and you find him at the head of 
the Institute of Egypt, and he is the oracle, the idol, of a society which 
counted among its members Bouapartc, Berthollet, Monge, Malus,. 
Oeofiroy St. Eilaire, Cont^, &c ; and the generals rely upon him for 
overcoming apparently insormonnCable difficulties, and the army of the 
East, itself so rich in adornments of all kinds, would desire no other 
interpreter when it is necessary to recount the lofty deeds of the hero 
which it had just lost. 

It was upon the breach of a bastion which our troops had recently 
taken by assault, in sight of the most majestic of rivers, of the mag- 
nificent valley which it fertilizes, of the frightful desert of Lybia, of the 
colossal pyramids of Gizeh ; it was in presence of twenty populations 
of different origins which Cairo nnites together in its vast basin ; in 
presence of the most valiant soldiers that had ever set foot on a land, 
wherein, however, the names of Alexander and of Cjesar still resound ; 
it was in the midst of everything which could move the heart, excite 
the ideas, or exalt the imagination, that Fourier unfolded the noble 
life of Kleber. The orator was listened to with religious silence ; but 
sooD, addressing himself with a gesture of his hand to the soldiers 
ranged in battle-array before him, he exclaims : "Ah, how many of you 
would have aspired to the honor of throwing yourselves between Kleber 
and his assassin I I call yon to witness, intrepid cavalry, who rushed 
to save him upon the heights of KoraJCm, and dispelled in an instant 
the multitude of enemies who had surrounded him!" At these words 
an electric tremor thrills throughout the whole army, the colors droop, 
the ranks close, the arms come into collision, a deep sigh escapes from 
some ten thousand breasts torn by the saber and the bullet, and the 
voice of the orator ia drowned amid sobs. 

A few months after, upon the same bastion, before the same soldiers, 
Fourier celebrated with no less eloquence the exploits, the virtues, of 
the general whom the people conquered in Africa saluted with the name 
so flattering of Just Sultan, and who sacrificed his life at Marengo to 
secure the triumph of the French arms. 

Fourier quitted Egypt only with the last wreck of the army, in virtue 
of the capitnlation signed by Menou. On his return to France the 
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object of bis most constant solicitude was to illostrate the memorable 
expedltioD of wbich he had been one of the most active and most nsefnl 
members. The idea of collecting together the varied labors of all his 
colleagues iDContestably belongs to. him. I find the proof of this in a 
letter still unpublished, which be wrote to Kleber from Thebes on the 2flth 
Vend^miaire, in the year VII. No public act in which mention is made 
of this great literary monument is of an earlier date. The Institute of 
Cairo having adopted the project of a Work upon Egypt as early as the 
month of Frimaire, in the year YUI, confided to Fonrier the task of 
uniting together the scattered elements of it, of making them consistent 
with each other, and drawing up the general introduction. 

This introduction was published under Che title of Hixtorical Pre/ace. 
Pontiles saw in it the graces of Athens and the wisdom of Egypt united 
together. What could I add to such an eulogium f I shall say only 
that there are to be found there, in a few pages, the principal feature^ 
of the government of the Pharaohs, and Uie results of the subjection 
of ancient Egypt by the kings of Persia, the Ptolemies, the successors 
of Augustus, the emperors of Byzantiom, the first Caliphs, the cele- 
brated Sala<lin, the Mamelukes, and the Ottoman princes. The different 
phases of our adventorons espedition are there characterized with the 
greatest care. Fonrier carries his seroples to bo great a length as to 
attempt to prove that it was just. I have said only so far as fo attempt^ 
for in that case there might have been something to deduct from the 
second part of the eulogium of Fontancs. If, in 1797, onr conntrymau 
experienced at Cairo or at Alexandria outrages and extortions which 
the Grand Seignior either woold not or could not repress, one may in all 
rigor admit that France ought to have exacted jnstice to herself; that 
she had the right to send a powerful army to bring the Turkish custom- 
house officers to reason. But this is far from maintaining that the Divan 
of Constantinople ought to have favored the French expedition; that 
our conquest was about torestore to him,in«f>ffie8or<, Egypt and Syria; 
that the capture of Alexandria and the battle of the Pyramid* would 
enAance th£ luster of the Ottoman name ! Bowever, the public hastened 
to acquit Fonrier of what appears hazarded in this small part of his 
beantifol work. The origin of it has been sought for in political exi- 
gencies. Let us be brief; behind certain sophisms the hand of the orig- 
inal commander-in-chief of the army of the East was suspected to be 
seenl 

Napoleon then would appear to have participated, by bia instructions, 
by his counsels, or, if we choose, try his imperative orders, in the com- 
position of the essay of Fonrier. Whatwas not long ago nothing more 
than a plausible conjecture has now become an incontestable fact. 
Thanks to the courtesy of M. ChampolUon-Figeac, I held in my hands, 
within the last few days, some parts of the first proo/sheeta of the his- 
torical preface. These proofs were sent to the Emperor, who wished to 
make himself acquainted with them at leisure before reading them^^ 



154 JOSEPH FOUBIE^ 

Fonrier. Tbey are covered vith margiDat notes, and the additions nhidi 
tbey hare occasioned amoaot to almost a third of the origiaal diacoarse. 
Upon these pages, as in the deflnitive irork given to the pnblic, one 
remarks a complete absence of proper names; the only exception is 
in the case of the three generals-in-chief. Thns Fonrier had imposed 
upon himself the reserve which certain vanities bad blamed so severely. 
I shall add that nowhere thronghont the precions proof-sheets of M. 
Ohampollion do we perceive traces of the miserable feelings of jealoosy 
which have been attribnted to Xapoleon. It is tme that upon pointing 
ont with his finger the word iltnstrions applied to Kleber, the Emperor 
said to our colleagne, "Some one has directed my attention to this 
epithet ; " bnt, after a short pause, he added, " It is desirable that yon 
should leave it, for it is jnst and well deserved." These words, geaUe- 
men, honored the monarch still less than they branded with disgrace 
the some tme whom I regret not being able to designate in more definite 
terms; oneof those vile courtierswhose whole lifeisoccnpied inlying ont 
the frailties, the evU passions of their masters, in order to make them 
subservient in candncting themselves to honors and fortune! 

Fonrier had no sooner retnmed to Europe than he was named (Jan- 
nary 2d, 1802) prefect of the department of I'Isfere. The ancient Dan- 
phiny was then a prey to ardent political dissensions. The repnblicans, 
the partisans of the emigrants, those who had ranged themselves under 
the banners of the consular government, formed so many distinct castes, 
between whom all reconciliation appeared impossible. Well, gentle- 
men, this impossibility Fourier achieved. His first care was to cause 
the Hdtel of the Prefecture to be considered as neutral ground, where 
each might show himself without even the appearance of a concession. 
Cariosity alone at first brought the people there, but the people returned ; 
for in France they seldom desert the saloons wherein are to be found a 
polished and benevolent host, witty without being ridiculons, and 
learned without beiug pedantic. What had been divulged of the opin- 
ions of our colleague, respecting the anti-biblican antiqnity of the Egyp- 
tian monuments, inspired the religious classes especially with lively 
apprehensions; they were very adroitly informed that the new prefect 
connted a saint in his family ; that the bUsied Pierre Fourier, who 
established the religious sisters of tbe Congregation of Kotre-Dame, waa 
his grand-uncle, and this circumstance efiect«d a reconciliation which 
the unalterable respect of the first magistrate of Grenoble for all con- 
scientious opinions cemented every day more and more. 

As soon as he was assured of a truce with the political and religions 
parties, Fonrier was enabled to devote himself exclusively to tbe duties 
of his ofBce. These duties did not consist with bim in heaping up old 
papers to no advantage. He took personal cognizance of the projects 
which were submitted to him ; he was tbe indefatigable promoter of all 
those which narrow-minded persons sought to stifle in tbeir birtb ; we 
may include in this last class tbe superb road from Greuoblei to Turin 
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by Mount Genfevre, wLich the eventa of 1814 liave so uufortunately 
inteiropted, and eapeciaUy the draiDage of the marshes of Boargoio. 

These marslies, wliich Louis XIY bad givea to Marshal Turenne, 
irere a focos of infection to the thirty-seven communes, the lands of 
-which war© partially covered by them. Fourier directed personalty 
the topographic operations which established the possibility of drainage. 
With these documents in his hand he went firom village to village — I 
migfat almost say firom bouse to boose — to fix the sacriflco which each 
&mily ought to impose upon itself for the gener^ interest. By tact 
and perseverance, taking " the ear of com always in the right direction," 
thirty-seven municipal councils were induced to contribute to a common 
fund, without which the projected operation would not even have been 
commenced. Success crowned this rare perseverauce. Bich harvests, 
fikt pastures, numerous flocks, a robust and happy population now 
oov(n«d an immense territory, where formerly the traveler dared not 
remain more than a few hoars. 

One of the predecessors of Fourier, in the situation of perpetual 
secretary of the Academy of Sciences, deemed it his duty, on one 
occasion, to beg au excuse for having given a detailed account of certain 
researches of Leibnitz, which had not required great efforts of the 
intellect: " We ought," says he, "to be very much obliged to a man 
such as he is, when he condeteends, for the public good, to do some- 
tliing which does not partake of genius I" I cannot conceive the ground 
y( such scruples ; in the present day the sciences are regarded from too 
high a point of view, that we should hesitate in placing in the first rank 
of the labors with which they are adorned those wbieb diffuse comfort, 
health, and happiness amidst the working population. 

In presence of a part of the Academy of Inscriptions, in an apartment 
wherein the name of hieroglyph has so often resonnded, I cannot refrain 
from alluding to the service which Fourier rendered to science by retain- 
ing GbampoUion. The young professor of bistoiy of the faculty of 
letters of Grenoble had just attained the twentieth year of bis age. 
Fate callsbim to shoulder the mnskeL Fourier exempts him by investing 
him with the title of pnpil of the School of Oriental Lang^nages which he 
had borne at Paris. The minister of war learns that the pupil formerly 
gave inbis resignation ; he denounces the fraud, and dispatches a peremp- 
tory order for his departure, which seems even to exclude all idea of 
remonstrance. Fourier, however, is not discouraged ; his intercessions 
are skillful and of a pressing nature ; finally, he draws so animated a 
I>ortrait of the precocions talent of kis youtiff friend, that be succeeds in 
wringing from the government an order of special exemption. It was 
not easy, gentlemen, to obtain such success. At the same time, a con- 
script, a member of our Academy, succeeded in obtaining a revocation of 
his order for departure only by declaring that he would follow on foot 
in the costume of the Institute the contingent of the arrondissement of 
Paris in which be was classed. 
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The admiDistrative duties of the prefect of I'Isere hardly iatermpted 
the labors of the geometer and the man of letters. It is from G-reuoble 
that the principal writings of Fourier are dated ; it was at Grenoble that 
he composed the TkSorie MaihSmatique de la Chaleur, which forms his 
principal title to the gratitnde of the scientiflc worid. 

I am far from being unconscioas of the difSculty of analyzing that 
admirable work, and yet I shall attempt to point out the successive 
steps which he has achieved in the adrancemeot of science. Yon will 
listen to me, gentlemen, with indulgence, notwithstanding several minute 
details which 1 sh^l have to recount, since I thereby fulfill the mission 
with which you have honored me. 

The ancients had a taste, let us say rather a passion, for the marvel- 
ous, which caused them to forget even the sacred duties of gratitude. 
Observe them, for example, grouping together the lofty deeds of a great 
number of heroes, whose names they have not even deigned to preserve, 
and investing the single personage of Hercules with them. The lapse 
of ages has not rendered us wiser in this respect. In our own time the 
public delight in blending fable with history. In every career of life, 
in the pursuit of science especially, they enjoy a pleasure in creating 
Herculeses. According to vulgar opinion, there is no astronomical dis- 
covery which is not due to Herschel. The theory of the planetary 
movements is identified with the name of Laplace ; hardly is a passing 
allusion made to the eminent labors of D'AIembert, of Clairaut, of Euler, 
of Lagrange. Watt is the sole inventor of the steam-engine. Chaptal 
has enriched the arts of chemistry with the totality of the fertile and 
ingenious processes which coustttnte their prosperity. Even within this 
apartment has not an eloquent voice lately asserted that, before Fourier, 
the phenomenon of heat was hardly studied, that the celebrated geom- 
eter had alone made more observations than all his predecessors put 
together ; that he had with almost a single effort invented a new scieucef 

Although he runs the risk of, being less lively, the organ of the 
Academy of Sciences cannot permit himself such hursts of enthusiasm. 
He ought to hear in mind that the object of these solemnities is not 
merely to celebrate the discoveries of Academicians ; that they are also 
designed to encourage modest merit ; that an observer, forgotten by his 
contemporaries, is frequently supported iu his laborious researches by 
the thought that he will obtain a benevolent look from posterity. Let us 
act, so far as it depends upon us, in such a manner that a hope so just, so 
natural, may not be irustrated. Let us award a just, a brilliant homage 
to those rare men whom nature has endowed with the precious privilege 
of arranging a thousand isolated facts, of making seductive theories 
spring from them ; but let us not forget to state, that the scythe of the 
reaper had cut the stalks before one had thought of uniting them into 
sheaves 1 

Heat presents itself iu natural phenomena, and in th«se which are the 
products of art, under two entirely distinct forms, which Fourier has 
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separately coDbidered. I Bliall adopt the same dirision, commencing, 
however, with radiant heat the historical analysis which I am aboat 
to submit to you. 

Nobody doubts that there is a physical distinction which is eminently 
worthy oi being studied between the ball of iron at the ordinary temper- 
ature which may be handled at pleasure, and the ball of iron of the same 
dimensions which the flame of a furnace has very much heated, and 
which wo cannot touch without burning ourselves. This distinction, 
according to the majority of physical inquirers, arises from a certain 
quantity of an elastic- imponderable fluid, or at least a fluid which has 
Dot been weighed, with which the second ball has combined during the 
process of heating. The fluid which upon combining with cold bodies 
renders them hot, has been designated by the name of lieat or caloric. 

Bodies unequally heated act upon each other ecen at great distances, 
even through empty space, for the colder becomes more hot, and the hotter 
becomes more cold; for after a certain time they indicate the same 
degree of the thermometer, whatever may have been the difference of 
tbeiroriginal temperatures. According to thehypotbeses above explained, 
there la but one way of coucei\'ing this action at a distance : this is to 
suppose that it operates by the aid of certain effluvia which traverse 
space by passing from the hot body to the cold body ; that is, to admit 
that a hot body emits in every direction rays of beat, as luminous bodies 
emit rays of light. 

The effluvia, the radiating emanations by the aid of which two distant 
bodies form a calorific communication with each other, have been very 
appropriately designated by the name of radiating caloric. 

Whatever may be said to the contrary, radiating heat had already 
been the object of important experiments before Fourier undertook his 
labors. The celebrated Academicians of the Cimento found, nearly two 
centuries ago, that this heat is reflected like light ; that, as in the case 
of light, a concave mirror concentrates it at the focus. Upon snbsti- 
tntiug balls of snow for heated bodies, they even went so far as to prove 
that frigorifio foci may be formed by way of reflection. Some years 
afterward Mariotte, a member of this Academy, discovered that there 
exist diflerent kinds of radiating heat; that the heat with which rays 
of light are accompanied traverses all transparent media as easily as 
light does ; while, again, the caloric which emanates tvom a strongly 
heated, but opaque substance, as well as the rays of heat which are found 
mingled with the luminous rays of a body moderately inoaodescent, are 
almost entirely arrested in their passage through the most transparent 
phite of glass I 

This striking discovery, let us remark iu passing, will show, notwith- 
standing the ridicule of preteuded savants, how happily inspired- were 
the workmen in founderies, who looked at the Incandescent matter of 
tbeir furnaces only through a plate of ordinary glass, thinking by the 
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aid of tilis artifice to arrest tbe heat wliich woald have homed their 
eyes. 

In the experimeotal sciences, tbe epochs of the most brilliant progress 
are almost always separated by long intervals of almost abaotate repose. 
Thus, after Moriotte, there elapsed more than a century without history 
having to record any new property of radiating beat. Then, in close 
succession, we find in the solar light obscure calorific rays, the existence 
of which could admit of being established only with the thermometer, 
and which may be completely separated from Inminons rays by the aid 
of the prism ; we discover, by the aid of terrestrial bodies, that the 
emission of caloric rays, and consequently the cooling of those bodies, 
is considerably retarded by the polish of the surfaces ; that tbe color, 
tbe nature, and the thickness of the outer coating of these same sut- 
facea exercise also a manifest influence npon their emissive power. 
Experience, finally, rectifying the vagrae predictions to which the most 
enlightened minds abandon themselves with so little reserve, shows that 
the calorific rays which emanate Ax>ni tbe plane surface of a heated 
body, have not the same force, the same intensity in all directions ; that 
the maximum corresponds to the perpendicnlar emission, and tbe i»t»- 
imum to the emissions parallel to the surface. 

Between these two extreme positions, how does the diminntion of the 
emissive p«wer operate t Leslie first sought the solution of this import- 
ant question. His observations seem to show that the intensities of 
the radiating rays are proportional (it is necessary, gentlemen, that I 
employ the scientific expression) to the sines of the angles which these 
rays form with the heated surface. But the quantities upon which the 
experimenter had to operate were too feeble ; tbe uncertainties of the 
thennometric estimations compared with the total effect were, on the 
contrary, too great not to inspire a strong degree of distrust ; well, gen- 
tlemen, a problem before which all the processes, all the instruments of 
modem physics, have remained powerless, Fourier lias completely solved 
without the necessity of having recourse to any new experiment. He 
has traced the lav of the emission of caloric sought for, with a perspi- 
cuity wbicb one cannot sufficiently admire, in tbe most ordinary pheno- 
mena of temperature, in the phenomena which at first sight appeared 
to be entirely independent of it. 

Such is the privilege of genius ; it perceives, it seizes relations where 
vulgar eyes see only isolated facts. . 

Nobody doubts, and besides experiment has confirmed the fact, that 
in all the points of a space terminated by any envelope maintained at a 
constant temperature, we ought also t« experience a constant tempera- 
ture, and precisely that of the envelope. Kow, Fourier has established 
that if tbe calorific rays emitted were equally intense in all directiona, 
if the intensity did not vary proportionally to the sine of the angle of 
emission, the temperature of a body situated in the inclosnre would 
depend on the place wbicb it would occupy there ; that the tetimerature 
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of boiling water or of melting iron, for example, would exist in certain 
points of a hollow envelope of glass I la all the vast domain of tbe 
physical sciences we sboald be unable to find a more striking application 
of the celebrated method of the reductio ad absurdum of which the 
ancient matbeniaticians made ase iu order to demonstrate the abstract 
truths of geometry. 

I shall not quit this first part of the labors of Fourier without adding, 
that he has not contented himself with demonstrating with so much 
felicity the remarkable law which connects tbe comparative intensities 
of the calorific rays, emaoating under all angles from heated bodies ; he 
has sought, moreover, the physical canse of this law, and he has found 
it in a circumstance which his predecessors bad entirely neglected. Let 
us suppose, says be, that bodies emit heat not only &om the molecujes 
of their surfaces, but also from the particles in the interior. Let us 
suppose, moreover, that the heat of these latter particles cannot arrive 
at tbe surface hy traversing a certain thickness of matter without 
ondergoin g some degree of absorption. Fonrier has rednced these two 
hypotheses to calculation, and he has hence deduced mathematically the 
experimental law of the sines. After having resisted so radical a test, 
the two hypotheses were found to be completely verified ; they have 
become laws of nature ; they point out latent properties of caloric 
vhich coold only be discerned by the eye of the intellect. 

In tbe second question treated by Fourier, heat presents itself under 
anew form. There Is more difficulty in following its movemontsj bat 
the conclusions deduced from the theory are also more general and more 
important. 

Heat excited, concentrated into a certain point of a solid body, com- 
nranicates itself by way of conduction, first to the particles nearest the 
heated point, then gradually to all the regions of the body. Whence 
the problem of which the following is the enunciation. 

By what routes, and with what velocities, is the propagation of beat 
effected in bodies of different forma and different natures snbjected to 
certain initial conditional 

Fundamentally, tbe Academy of Sciences had already proposed this 
problem as the subject of a prize as early as the year 1736. Then the 
terms heat and caloric were not in use ; it demanded the study of nature, 
and tke propagation OF FiBE I The word fire, thrown thus into the pro- 
gramme without any other explanation, gave rise to a mistake of the 
most singular kind. The majority of philosophers Imagined that the 
question was to explain in what way hwrning commnnicates itself, and 
increases in a mass of combustible matter. Fifteen competitors pre- 
sented themselves; three were crowned. 

• This comjietition was productive of very meager results. However, a 
Hingnlar combination of circnmstances and of proper names will render 
the recollection of it lasting. 

Has not the public a right to be surprised upon reading this academic 
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declaration : " The qnestioD affords no handle to geometry I " In matter 
of inventiona, to attempt to dire ioto the fatore is to prepare for on^s self 
striking mistakes. One of the comt)etitors, the great Euler, took these 
words in tlieir literal sense: the reveries vith which his memoir abonnds 
are not compensated in this instance hy any of those brilliant discover- 
ies in analysis — I had almost said of those sahlime inspirations — which 
were so familiar to him. Fortnnat«ly Enler appended to his memoir a 
supplement truly worthy of his genviis. Father Lozeran de Fiesc and 
the Count of Cr^qoi were rewarded with the high honor of seeing their 
names inscribed beside that of the illustrious geometer, altboogh it 
would be impossible in the present day to disiem in their memoirs any 
kind of merit, not even that of politeness, for the courtier said mdely 
to the Academy : "The question which you have raised interests only 
the curiosity of mankind," 

Among t^e competitors less favorably treated, we preceive one of the 
greatest writers whom France has produced — ^the author of the Henriade. 
The memoir of Voltaire was, no doubt, far from solving the problem 
proposed ; bat it was at least distingnisbed by elegance, clearness, and 
precision of language; I shall add, by a severe style of argument; for 
if the author occasionally arrives at questionable results, it is only when 
he borrows false data from the chemistry and physics of the epoch, — 
sciences which had just sprung into existence. Moreover, the aoti- 
Gartesian color of some of the parts of the memoir of Voltaire was cal- 
culated to find little favor in a society where Cartesianism, with its 
incomprehensible vortices, was everywhere held in hi|gh estimation. 

We should have more difficulty in discovering thecaases of the failure 
of a fourth competitor, Madame the Marchioness da Cb&telet, for she 
also entered into the contest instituted by the Academy. The work of 
Emilia was not only an elegant portrait of all the properties of heat 
known then to physical inquirers ; there were remarked, moreover, in it 
different projects of experiments, among the rest, one which Herschel 
has since developed, and from which be has derived one of the principal 
flowers of his brilliant scientific crown. 

While such great names were occupied in discussing this qoestion, 
physical inquirers of a less ambitions stamp laid experimentally the solid 
basis of a future mathematical theory of beat. Some established that 
the same quantity of caloric does not elevate by the same number of 
degrees equal weights of different substances, and thereby introdnced 
into the science the important notion of capacity. Others, by the aid of 
observations no less certain, proved that heat, applied at the extremity 
of a bar, is transmitted to the extreme parts with greater or less velocity 
or intensity, according to the nature of the substance of which the bar 
is composed : thus they suggested the original idea of eondvctibility. The 
same epoch, if I were not precluded from entering into too minate 
details, would present to us interesting experiments. We should find 
that it is not true that, at all degrees of tbc thermometer, the loss of 
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heat of a body is proportion^ to the excess of its temperature above 
that of the mediam in which it is plunged; but I have been desirous of 
Bhowing you geometry penetrating, timidly at first, into questions of 
tbe propagation of heat, and depositing there the first germs of its fer- 
tile methods. 

It is to Lambert', of Mulhonse, that we owe this first step. This inge- 
nious geometer had proposed a very simple problem, which any person 
may comprehend. A slender metallic bar is exposed at one of its ex- 
tremities to the constant action of a certain focus of heat The parts 
nearest the focus are heated first. Gradually the heat communicates 
itself to the more distant parts, and, after a short time, each point ac- 
quires the maximum temperature which it can ever attain. Although 
the experiment were to last a hundred years, the thermometric state of 
the bar vould not undergo any modification. 

As might be reasonably expected, this maximum of heat is so much 
less considerable as we recede from the focus. Is there any relation 
between the final temperatures and the distances of the different parti- 
cles of t^e bar fh)m the extremity directly heated 1 Such a relation ex- 
ists. It is very simple. Lambert investigated it by calculation, and 
experience confirmed the results of theory. 

In addition to the somewhat elementary question of tbe longitudtTtal 
propagation of heat, there offered itself the more general bat much more 
difficult problem of tbe propagation of heat In a body of three dimen- 
sions terminated by any surface whatever. This problem demanded the 
aid of the higher analysis. It was Fourier who first assigned tbe equa- 
tions. It is to Fourier, also, that we owe certain theorems, by means of 
which we may ascend from the difilerentiaJ equations to tbe integrals, 
and push the solutions, in the nuyority of eases, to the final numerical 
applications. 

The first memoir of Fourier on tbe theory of heat dates ftt>m tbe year 
1807. The Academy, to which it was communicated, being desirous of 
inducing the author to extend and improve his researobes, made the 
question of the propagation of beat tbe subject of tbe great mathemati- 
cal prize which was to be awarded in the beginning of tbe year 1812. 
Fourier did, in effect, compete, and his memoir was crowned. But, alas! 
as Fontenelle said, " in the country even of demonstrations, there are 
to be found causes of dissension." Some restrictions mingled with' the 
&vorable judgment. The illustrions commissioners of the prize, Lar 
place, Lagrange, and Legendre, whUe acknowledging the novelty and 
importance of the subject, while declaring that the real differential 
equations of the propagation of heat were finally found, asserted that 
they perceived difficulties in the way in which the author arrived at 
them. They added that bis processesofintegrattonleftsomethingtobe 
desired, even on tbe score of rigor. They did not, however, support 
their opinion by any arguments. 

Fourier never admitted the validity of this decision. I^vrat^.^tnllw 
11 8 71 . .- <■' 
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close of his life be gave uDmistakable evideuce that he thoagbt it on- 
just, by causing his memoir to be printed in our volnmes without chang- 
ing s siugle word. Still, the donbts expressed by the commissioners of 
the Academy reverted incessantly to hiB recollection. From the very 
beginning they had poisoned the pleasure of his triumph. These first 
impressions, added to a high susceptibility, explain how Fourier ended 
by regarding vitfa a certain degree of displeasure the efforts of those 
geometers who endeavored to improve his theory. This, gentlemen, 
was a very strange aberration of a mind of so elevated an order. Our 
colleague had almost forgotteu that it is not allotted to any person to 
conduct a scientific question to a definitive termination, and that the 
important labors of D'Alembert, Clairaut, Euler, Lagrange, and La- 
place, while immortalizing their authors, have continually added new 
luster to the imperishable glory of Newton. Let us act so that this ex- 
ample may not be lost. While the civil law imposes upon the tribunes 
the obligation to assign the motives of tk^r judgments, tbe academies, 
which are the tribunes of science, cannot have even a pretext to escape 
from this obligation. Corporate bodies, as well as individuals, act 
wisely when they reckon in every instance only upon the authority of 
reason. 

At any time the "Th4orie Math^matique de la Ghaleur" would have 
excited a lively interest among men of reflection, since, upon the suppo- 
sition of its being complete, it threw light upon the most minute pro- 
cesses of the arts. In our own time the numerous points of affinity ex- 
isting between it and the carious discoveries of the geologists have 
made it, if 1 way use the expression, a work for the occasion. To point 
out the intimate relation which exists between the,se two kinds of 
researches would be to present the most important part of the discov- 
eries of- Fourier, and to show how happily our colleague, by one of 
those Inspirations reserved for genius, bad chosen the subject of his 
researches. 

The parts of the earth's crust which the geologists call tbe sediment- 
ary formations were not formed all at ouoe. The waters of the ocean, 
on several former occasions, covered regions which are situated in the 
preaeut day in the center of the contiuent. There they deposited, in 
thin horizoutal strata, a series of rocks of different kinds. These rocks, 
although superposed like the layers of stones of a wait, mnst not be cod- 
founded together. Their dissimUarities are ]mlp»ble to the least prac- 
ticed eye. It is necessary, also, to note this capital fact, that each 
stratum has a well-defined limit ; that no process of transition connects 
it with the stratum which it supports. Tbe ocean, tbe original source 
of all these deposits, underwent then formerly enormous changes in its 
cbemical composition, to which it is no longer subject. 

With some rare exceptions, resulting &om local convulsions, the effects 
of which are otherwise manifest, the order of antiquity of the successive 
strata of rocks which form the exterior crust of the globe ought to be 
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that of their Baperpositioo. The deepest have been formed at the most 
remote epochs. The attentive study of these differeDt eovelopes may 
aid OS in ascendiug the stream of time, even beyond the most remote 
eiM>cha, and enlightening us with resiwct to those stupendous revolu- 
tions which periodically overwhelmed continents beneath the waters of 
the ocean, or again restored them to their former condition. Crystalline 
rocks of granite upon which the sea has effected its original deposits 
have never exhibited any remains of life. Traces 'of such are to be found 
only in tlie sedimentary strata. 

Life appears to have first exhibited itself on the earth in the form of 
vegetables. The remains of vegetables are all that we meet with in the 
most ancient strata deposited by the waters j still they belong to plants 
of the simplest structure— to ferns, to species of rushes, to lycopodes. 

As we ascend into the upper strata, vegetation becomes more and 
more complex. Finally, near the surface, it resembles the vegetation 
actually existing on the earth, with this characteristio circumstance, 
however, which is well deserving attention, that certain' vegetables 
which grow ouly in southern climates — that the large palm-trees, for 
example — are found in their fossil state in all latitudes, and even in the 
center of the frozen regions of Siberia. 

In the primitive world, these northmi regions enjoyed then, iu.winter, 
a temjierature at least equal to that which is experienced in the present 
day under the parallels where the great palms commence to appear ; at 
Tobolsk, the inhabitants eqjoyed the climate of Alicante or Algiers. 

We shall deduce new proofs of this mysterioas result from an atten- 
tive examination of the size of plants. 

There exist, in the present day, willow-grass or marshy msbes, ferns, 
and lycopodes, in Europe as well as in the tropical regions; but they 
are not met with in large dimensions, except in warm countries. Thus, 
to compare together the dimensions of the same plants is, in reality, to 
compare, in respect to temperature, the regions where they are pro- 
duced. Well, place beside the fossil plants of our coal mines, I will not 
say the analogous plants of Europe, bnt those which grow in the coun- 
tries of South America, and which are most celebrated for the richness 
of their vegetation, and you will find the former to be of incomparably 
greater dimensions than the latter. 

The fossil flora of France, England, Germany, and Scandinavia offer, 
for example, ferns ninety feet high, the stalks being six feet in diameter 
or eighteen feet in circumference. 

The licopodes which, In the present day, whether in cold or temperate 
climates, are creeping-plants, rising hardly to the height of a decimeter 
above the soil ; which, even at the equator, under the most favorable 
circumstances, do not attain a height of more than one meter, bad in 
Europe, in the primitive world, an altitude of twenty-five meters. 

One must be blind to all reason not to find in these enormous dimen- 
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BiOBS a uew proof of tbe high temperature enjoyed by oor coantry before 
the laat irraptioDS of the ocean. 

Tbe stndy of fo»»il animala is no iesa fertile in resolts. I shonid digress 
from my subject if I were to examine here how the oi^nizatioD of 
animals is developed upon the earth; wbat modifications, or more 
strictly speaking, what complications it has ondei^ne after each cata- 
clysm, or if I even stopped to describe one of those ancient epochs 
daring which the earth, the sea, and the atmosphere had for inhabitants 
cold-blooded reptiles of enormons dimensions; tortoises, with shells three 
feet in diameter; lizards seventeea meters long; pterodactyles, veritable 
flying dragons of snch strange forms that they might be classed on 
good groonds either among reptiles, among mammiferons animals, a 
among birds. The object which I have proposed does not require that 
I should enter into snch details; a single remark will sufBoe. 

Among the bones contained in the strata nearest the present sar&ce 
of the earth are those of the hippopotamus, the rhinoceros, and tiie 
elephant. These remains of animals of warm countries are to be found 
in all latitudes. Travelers have discovered specimens of them eves at 
Melville Island, where the temperature descends, in the present day, 
50° beneath zero. In Siberia they are found in such abundance as 
to have become an article of commerce. Finally, upon the rocky 
shores of the Arctic Ocean, there are to be found not merely fragments 
of skeletons, but whole elephants still covered with their flesh and skin. 

I should deceive myself very much, gentlemen, if I were to suppose 
that each of you had not deduced from these remarkable facts a conclu- 
sion no less remarkable, to which, indeed, the fossil flora had already 
habituated us; namely, that as they have grown older the polar regions 
of the earth have cooled down to a prodigious extent. 

In tbe explanation of so curious a phenomenon, oosmologista have not 
taken into account the existenoe of possible variations of the intensity 
of tbe solar heat; and yet the stars, those distant suns, have not the 
constant brightness which tbe common people attribute to them. Kay, 
some of them have been observed to diminish in a sufficiently short 
space of time to the hundredth part of their original brightness ; and 
several have even totally disappeu-ed. They have preferred to attrib- 
ute everything to an internal or primitive heat with which tbe earth 
was at some former epoch impregnated, and which is gradually being 
dissipated iu space. 

XTpou this hypothesis the inhabitants of the polar regions, although 
deprived of the sight of the sun for whole months together, must baye 
evidently etyoyed, at very ancient epochs, a temperature equal to that 
of the tropical regions, wherein exist elephants in the present day. 

It is not, however, as an explanation of the existence of elephants in 
Biberia that the idea of the intrinsic heat of the globe has entered for 
the first time into science. Some savants had adopted it before the dis- 
<wvery of those fossil animals. Thus, Descartes was o£ opinion that 
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origioally (I cite biS owd words] the earth did not differ from the s»n in 
any other reject than in being smaller. Upon this hypothesis, theu, it 
oaght to be considered as an extinct snn. 

Leibnitz conferred upon this hypothesis the honor of appropriating it 
to hiin8el£ He attempted to deduce {torn iC the mode of formation of 
the diflereat^lid envelopes of vbich the earth coneists. Bnffon, also, 
imparted to it the weight of his eloquent authority. According to that 
great nataralist, the planets of our system are merely portions of the 
sun, which the shock of a comet had detached from it some tens of thon- 
sands of years ago. 

In support of this igneous origio of the earth, Mairan and Bnffon 
cited already the high t«mperatare of deep mines, and, among others, 
those of the mines of Giromagny. It appears evident that if the earth 
was formerly incandescent, we should uot fail to meet in the interior 
strata — that is to say, in those which ought to have cooled last — traces 
of their primitive temperature. The observer who, upon penetrating 
into the interior of the earth, did not And an increasing heat, might then 
consider himself amply authorized to reject the hypothetical conceptions 
of Descartes, of Mairan, of Leibnitz, and of Buffon. But has the con- 
verse proposition the same certainty ! Would not the torrents of heat, 
which the sun has coutinned incessantly to launch for so many ages, 
have diffused themselves into the mass of the earth, so as to produce 
there a temperature increasing with the depth t This is a qaestion at 
high importance. Cei'tain easily satisfied minds conscientiously sup- 
posed that they had solved it, when they stated that the idea of a con- 
stant temperature was by far the most natural; but woe to the sciences 
if they thus iocloded vague considerations, which eacai^e all criticism, 
among tbe motives for admitting and r^ecting facts and theories I Foo- 
tenelle, gentlemen, would have traced their horoscope in these words, 
80 well adapted for humbling onr pride, and the truth of which the his- 
tory of discoveries reveals in a thousand places: "When a thing may 
be in two different ways, it is almost always that which appears at first 
the least natnral." 

Whatever importance these reflections may possess, I hasten to add 
that, instead of the arguments of his predecessors, which have no real 
value, Fourier has substituted proofs, demonstrations; and we know 
what meaning such terms convey to the Academy of Sciences. 

In all places of the earth, as soon as we descend to a certain depth, 
the thermometer no longer experiences either diurnal or annual varia- 
tion. It marks tbe same degree, and the same fraction of a degree, from 
day to day, and from year to year. Such is tbe fact : what says theory T 
Let us suppose, for a moment, that the earth has constantly received 
all its heat from the sun. Descend into its mass to a sufficient depth, 
and you will find, with Fourier, by the aid of calculation, *a constant 
temperature for each day of the year. Tou will recognize further, that 
this solar temperature of the inferior strata varies from oue climate to 
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another ; that in each country, finally, it ou^rht to he always the' same, 
so loug as ve do not ilescend to depths which are too great relatively 
to the earth's radins. 

Well, the phenomena of nature stand in manifest contradiction to this 
result. The observations made in a multitude of miues^ observations 
of the temperature of hot springs comiug from different depths, have 
all given an increase of one degree of the centigrade for every twenty 
or thirty meters of depth. Thus, there was some inaccuracy in the hy- 
pothesis which we were discnssiug upon the footateps of our colleagne. 
It is not tme that the temperature of the terrestrial strata may be 
attributed solely to the action of the solar rays. 

This being established, the increase of heat which is observed in all 
climates when we penetrate into the interior of the globe is the mani- 
fest indication of an intrinsic heat. The earth, as Descartes and Leib- 
nitz maintained it to be, but without being able to support their asser- 
tions by any demonstrative reasoning, — thanks to a combiuation of the 
obser\'ations of physical inquirers with the analytical calculations of 
Fourier, — is an incnuted sun, the high temperature of which may be 
boldly iuvoked every time that the explauatioD of ancient geological 
phenomena will require it. 

After having established that there is iu our earth an inherent heat — 
a heat the source of which is not the sun, and which, if we may judge 
of it by the rapid increase which observation indicates, ought to be 
already sufficiently intense at the depth of only seven or eight leagues 
to hold in fusion all kuown substances — there arises the question, what 
is its precise value at the surface of the earth ; what weight are we to 
attach to it in the determination of terrestrial temi)eratures ; what part 
does it play in the phenomena of life T 

According to Mairan, £u£foQ, and Bailly, this pari: is immense. For 
France, they estimate the heat which escapes from the interior of the 
earth at twenty -nine times iu summer, and four hundred times in winter, 
the heat which comes to ns from the sun. Thus, contrary to general 
opinion, the he-at of the body which illuminates ns nould form only a 
very small part of that whose propitious inflnence we feel. 

This idea was developed with ability and great eloquence in the 
Memoim of the Academi/, iu the Epoques gur la 2fatiire of Buffon, in the 
letters from Bailly to Voltaire vpoa the Origin of the Sciences and upon fkt 
Atlantide. But the ingenious romance to which it has served as a base 
has vanished like a shadow before the torch of mathematical science. 

Fourier having discovered that the excess of the aggregate temper- 
ature of the earth's surface above that which would result from the srfe 
action of the solar rays has a determinate relation to the increase of 
temperature at different depths, succeeded iu deducing from the exper- 
imental value of this iocrease a numerical determination of the excess 
in question. This excess is the thermometric effect which the solar heat 
produces at the surface. Now, instead of the large Dtimterf^adopted by 
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Marian, Bailly, and Boffon, vhaX, lias our colleague foand ? A tkirtietk 
of a degree; not more. 

The surface of the earth, which origioally was perhaps incaodeBcent, 
has cooled tbeu in the course of ages so as hardly to preserve any 
senaible trace of its primitiTe heat. However, at great depths, the 
original heat is still enormoue. Time will alter sensibly the internal 
temperature ; bnt at the surface (and the phenomena of the surface can 
alone modify or compromise the existence of living beings) all the 
changes are almost accomplished. The frightfiii freezing of the earth, 
the epoch of which Boffon fixed at the instant when the central beat 
vonld be totally dissipated, is then a pnre dream. At the sorface, the 
earth is no longer impregnated except by the solar heat. So long as 
the snn shall continue to preserve the same brightness, mankind will 
find, from pole to pole, under each latitude, the climates which have 
permitted them to live and to establish their residence. These, gentle- 
men, are great, magnificent results. While recording them in the annals 
of science, historians will not neglect to draw attention to this singular 
peculiarity — that the geometer, to whom we owe the first certain demon- 
stration of the existence of a heat independent of a solar influence in 
the interior of the earth, has annihilated the immense part which this 
primitive heat was made to play in the explanation of the phenomena 
of terrestial temperature. 

Besides divesting the theory of climates of an error which occnpied a 
prominent place in science, supported as it was by the imposing authority 
of Marian, of Bailly, and of Buffon, Foorier is entitled to the merit of 
a still more striking achievement ; he has introduced into this theory 
a consideration which hitherto hail been totally neglected; he has 
pointed out the influence exercised by the temperature of the eeleattai 
regiont, amid which the earth describes its immense orb around the suu. 

When we perceive, even under the equator, certain mountains covered 
with eternal snow, upon observing the rapid diminution of temperature 
which the strata of the atmosphere undergo during ascents in balloons, 
meteorologists have supposed that, in the regions wherein the extreme 
rarity of the air will always exclude the presence of mankind, and that 
especially beyond the limits of the atmosphere, there ought to prevail a 
prodigious intensity of cold. It was not merely by hundreds, it was by 
thousands of degrees, that they had arbitrarily measured it. But, as 
usual, the imagination {cettefolie de la maison) had exceeded all reason- 
able limits. The hundreds, Che tens of thousands of degrees, have 
dwindled down, after the rigorous researches of Fourier, to flfty or sixty 
degrees only. Fifty to sixty degrees beneath xero, such is the temper- 
ature which the radiation of heat from the stars has established in the 
regions furrowed indeflnitely by the planets of our syst«m. 

Yon recollect, gentlemen, with what delight Fourier used to converse 
apoD this subject. You know well that he thought himself sure of 
having assigned the temperature of apace within eight or^n degrees. 
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By what fatality haa it happeDe<l that the memoir, wherein, no doubt, 
otir colleagae had recorded all the elements of that importaDt deteraii- 
nation, is not to be found 1 May that irreparable loss prove at lea^ to 
so many observers that, instead of pnrsaiog obstinately an ideal perfec- 
tion, which it ia not 'allotted to man to attain, they will act wisely in 
placmg the public, as soon as possible, in the confidence of their laborsf 

I should have yet a long coarse to pnrsne if, after having pointed oat 
some of those problems of which the condition of science enabled our 
learned colleague to give numerical solutions, I were to analyze all those 
which, Btill enveloped in general formulfe, await merely the data of 
experience to assume a place among the most carious acqalBitious of 
modern physics. Time, which is not at my disposal, precludes Bte 
from dwelling npon such developments. I should be guilty, however, 
of an unpardonable omission if I did not state that, among the formolie 
of Fourier, there is one which server to assign the value of the seeolfu 
cooling of the earth, and in which there is involved tlie number of oeu- 
turies which have elapsed since the origin of this cooling. The questioD 
of the antiquity of the earth, including even the period of incandesoeoce, 
which has been so keenly discussed, is thus reduced to a thermometric 
determination. Unfortunately this point of theory is salgect to aerioos 
difficulties. Besides, the thermometric determination, iu oonsequenoe 
of its excessive smallness, must be reserved for future ages. 

I have just exhibited to you the scientific tcaita of the leisure hours 
of the prefect of I'lsfere. Fourier still occupied this sitaation whea 
Kapoleon arrived at Cannes. His conduct daring this grave conjnnctnre 
has been the object of a hundred false rumors. I shall then discharge 
a duty by establishing the facta in all their tmtb, according to what I 
have heard from our colleague's own mouth. 

Upon the news of the Emperor having disembarked, the principal 
authorities of Grenoble assembled at the residence of the prefect. 
There each individual explained ably, bat espedally, said Fourier, with 
much detail, the difhcultiea which he perceived. As regards the means 
of vanquishing them, the authorities seemed to be much less inventive. 
Confidence in administrative eloquence was not yet worn out at that 
epoc^ ; it was resolved accordingly to have reconrse to proclamations. 
The commanding officer and the prefect presented each a prqject The 
assembly was discussing minutely the terms of them, when an offioer of 
the gensdarmes, an old soldier of the imperial armies, exclaimed rudely, 
"Gentlemen, be quick, otherwise all deliberation will become useless. 
Believe me, I apeak firom experience ; Napoleon always follows very 
closely the couriers who aunouuce his arrival." Napoleon was iu fact 
close at hand. After a short moment of hesitation, two companies of 
sappers, which had been dispatched to out down a bridge, joined their 
former commander. A battalion of infantry soon followed their example. 
Finally, upon the ver^' glacis of the fortress, in presence of the nomeroos 
population which crowned the ramparts, the fifth regiment of the line to 
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A man aasamed tbe tricolor cockade, sabBtitated for the white flog the 
eafcle — witness of twenty hatllea — which it had preserved, and departed 
with shouts of Vim VEmpereur! After snch a commeDcemwit, to 
attempt to hold the coanb-y woald have been an act of folly. General 
Marehand cfuised accordingly the gates of the city to he shut. He still 
hoped, notwithstanding Che evidently hostile disposition of the inhab- 
itants, to sostaiu a siege with tbe sole assistance of the third regiment 
of engineers, the fourth regiment of artillery, and some weak detach- 
fflents of infiiDtry which bad not abandoned him. 

From that moment, tbe civil authority had disappeared. Fourier 
thought then that he might quit Grenoble, and repair to Lyons, where 
tbe princes bad assembled together. At tbe second restoration, this 
departure was imputed to him as a crime. He was very near being 
brongbt before a court of assizes, or even a provost's court. Certain 
personages pretended that the presence of the prefect of the chief place 
of I'ls^rs might have conjured the storm ; that tbe resistance might have 
been more animated, better arranged. People forgot that nowhere, and 
at Grenoble even less than anywhere else, was it possible to organize 
even a pretext of resistance. Let us see then, finally, how this martial 
city — the fall of which Fourier might have prevented by his mere pres- 
ence — let us see how it was taken. It is eight o'clock in the evening. 
The inhabitaats and the soldiers garrison the ramparts. Napoleon pre- 
cedes his little troop by some steps ; he advances even to the gate; he 
knocks, (be a ot alarmed, gentlemen, it is not a battle which I am about 
todescribe,) he knocks with hi» tnuffbox I " Who is there f " cried the officer 
of the guard. " It is the Emperor I Open 1 " " Sire, my duty forbids 
me." " Open, I tell you ; I have no time to lose." " But, sire, even 
thongb I should open to you, I could not. The keys are in the posses- 
sion of General Marehand." " Go, then, and feteh them." " I am cer- 
taiu that he will refUse tbem to me." " If the general refuse them, UU 
km that I wiU dismiss him." 

These words petrified the soldiers. During the previous two days, 
hundreds of proclamations designated Bonaparte as a wild beast which 
it was necessary to seize without scruple ; they ordered everybody to mn 
away from bim, and yet this man threatened the general with depriva- 
tion of his command I The single word dismissal effaced the faint line of 
demarkation which separated for an instant the old soldiers from the 
yonug recruits ; one word established the whole garrison in tbe interest 
of the Emperor. 

The circumstances of tbe capture of Grenoble were not yet known 
when Fourier arrived at Lyons. He brought thither the news of the 
rapidadvauceof Xapoleon; thatof the revoltoftwocompaniesof sappers, 
of a regiment of infantry, and of the regiment commanded by Lab^- 
doyfere. Moreover, he was a witness of tbe lively sympathy which the 
country people along the whole route displayed in favor of the pro- 
scribed exileof Elba. d, ,i^ii Coo<jlc 
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The Gonut d'Artois gave a very cold reception to tb« prefect and hia 
comnianications. He declared that the arrival of S'apoleon at OrcDoble 
-was impossible ; that no alann need be apprehended respecting the dis- 
position of the coantry iieople. "As regards the facts," said he to 
Fourier, " which would seem to have occurred in your presence at the 
very gates of the city, with respect to the tricolored cockades substi- 
tuted for the cockade of Henry IV, with respect to the eagles which yoa 
say have replaced the white flag, I do not suspect your good faith, bat 
the uneasy state of your mind must have dazzled your eyes. Prefect, 
return then without delay to Grenoble; you will answer for the city 
with yonr head." . 

Yon see, gentlemen, after having so long proclaimed tbe necessity of 
telling tbe truth to princes, moralists will act wisely by inviting princes 
to be good enough to listen to its language. 

Fourier obeyed the order which had just been given him. The wheels 
of his carriage bad made only a few revolutions in the direction of 
Grenoble, when be was arrested by hussars and conducted to the bead- 
quarters at Bourgoin. The Emperor, who was engaged in examining a 
large chart with a pair of compasses,said upon seeing him enter, "Well, 
prefect, yon also have declared war against mcT" " Sire, my oath of 
allegiance made it my duty to do so I* "A duty yon say t and do yoa 
not see that in Daupbiny nobody is of the same mind T Do not imagine, 
however, that your plan of the campaign will frighten me much. It 
only grieved me to see among my enemies au Egsptian, a man who had 
eaten along with me tbe bread of the bivouac, an old friend!" 

It is painful to add that to those kind words socceeded these also: 
" How, moreover, could you have forgotten, Monsieur Fourier, that I 
have made yoa what you aret" 

You will regret with me, gentlemen, that a timidity, which circum- 
stances would otherwise easily explain, should have prevented our col- 
league from at once emphatically protesting against this confusion, 
which the powerful of the earth are constantly endeavoring to estab- 
lish between the perishable bounties of which they are the dispensers 
and the noble fruits of thought Fourier was prefect and baron by the 
fovor of the Emperor; he was one of the glories of France by his own 
genius. 

On the 9th of March, Kapoleon, in a moment of anger, ordered Four- 
ier, by a mandate, dated from Grenoble, to quit the territory of the «er- 
enth military division Kttkin Jive days, under pain of being arrested and 
treated as an enemy of the country I On the following day our colleague 
departed from the conference of Bonrgoin, with the appointment of pre- 
fect of the BJioue and the title of count, for tbe Emperor after his return 
from Elba was again at his old practices. 

These unexpected proofs of favor and confidence afforded little pleas- 
ure to our colleague, bat he dared not refUse them, altfaoagh he per- 
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ceived very distinctly the immeDSe gravity of the events in which he 
was led by the viciasitude of fortune to play a part. 

"What do you thiuk of toy enterprise^" said the Emperor to him on 
the dny of his departure from Lyons. "Sire," replied Fourier, "I am 
of opinion that you will fail. 1*1 but a fanatic meet you on your way, 
and all is at an end." "Bah!" exclaimed Napoleon, " the Bortrbons 
have nobody on their side, not even a fanatic. In connection with this 
circumstance, you have reail in the Journals that they have excluded 
me from the protection of the law. I shall be more indulgent on my 
part ; I shall content myself with excluding them from the Tuileriea." 

Fourier held the appointment of prefect of the Rhone only till thtt 
lat of May. It has been alleged that he was recalled, because he refused 
to be accessory to the deeds of terrorism which the minister of the hun- 
dred days enjoined him to execute. The Academy will always he 
pleased when I collect together and place on record actions which, 
while honoring its members, throw new luster around the entire body. 
I even feel that in such a case I may be disposed to be somewhat cred- 
ulous. On the present occasion, it was imiieratively necessary to iosti- 
tnte a most rigorous examination. If Fourier honored himself by 
refusing to obey certain orders, what are we to think of the minister of 
the interior from whom those orders emanatcdj Now, this minister, it 
must not be forgotten, was also an Academician, illustrious by his mil- 
itary services, distinguished by his mathematical works, esteemed and 
cherished by all his colleagues. Well, I declare, gentlemen, with a sat 
isfaction which you will all 'share, that a most sciiipulous investigation 
of all the acts of the hundred days has not disclosed a trace of any- 
thing which might detract from the feelings of admiration with which 
the memory of Carnot is associated in your minds. 

Upon quitting the prefecture of the Khone, Fourier repaired to Paris. 
The Em^ieror, who was then upon the eve of setting out to join the 
army, perceiving him amid the crowd at the Tuileriea, accosted him in 
a friendly manner, informed him that Carnot would explain to him why 
his displacement at Lyons had become indispensable, and promised to 
attend to his interest as soon as military affairs would allow him some 
leisure time. The second restoration found Fourier in the capital with- 
out employment, and justly anxious with resi>ect to the future. He, 
who, during a period of fifteen years, administered the affairs of a great 
department; who directed works of such an expensive nature; who, in 
the affair of the marshes of Boargoin, had to contract engagements for 
H> many millions, with private individuals, with the communes, and with 
publiccompanies,had not twenty thotisand francs in his possession. This 
honorable poverty, as well as the recollection of glorious and important 
services, was little calculated to make an impression upon ministers iofia- 
enced by political passion, and subject to the capricious interference of 
foreigners. A demand for a pension was accordingly repelled with 
ntdeness. Be reassured, however, France will not have to blush Iftir 
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having left in poverty one of ber principal ornaments. l%e prefect of 
Paris — I have committed a mistake, gentlemen; a proper name will not 
be out of place here — M. Chabrol, learns that his old professor at the 
Polytechnic School, that the perpetual eecretar; of the Institute at 
^SSP^ that the anther of the Theorie AntUgtique de Ut Chaleur, was 
rednoed, in order to obtain the means of living, to give private lessons 
at the residences of his pnpils. The idea of this revolts him. He ac- 
cordingly shows himself deaf to the clamors of party, and Fourier 
receives &om him the snperior direction of the bureau de la Statiatiqtie 
of the Seine, with a salary of 6,000 francs. It has appeared to me, 
gentlemen, that I onght not to suppress these details. Science may show 
herself grateful toward all those who give her support and protection, 
when there is some danger in doing so, without fearing that the burden 
should ever become too heavy. 

Fonrier responded worthily to the confidence reposed in him by M. de 
Chabrol. The memoirs with which he enriched the interesting volumes 
pabltshed by the prefecture of the Seine, will serve henceforth as a guide 
to all those who have the good sense to see in statistics something else 
than an indigestible massoffignres and tables. 

The Academy of Sciences seized the first occasion which offered itself 
to attach Fourier to its interests. On the 27th of May, 1S16, he was 
nominated a free Acadelnician. This election was not confirmed. The 
solicitations and influence of theDanphin, whom circumstances detained 
at Paris, had almost disarmed the authorities, when a conrtier exclaimed 
that an amnesty was to be granted to the dvil Labidoyire !* This 
word — for during many ages past the poor human race has been gov- 
erned by words— decided the fate of our coUeagne. Thanks to political 
intrigue, the ministors of Louis XYIII decided that one of the most 
learned men of France should not belong to the Academy ; that a citizen 
who enjoyed the fiiendship of all the most distinguished persons in the 
metropolis should be publicly stricken with disapprobation! 

In our country the reign of absurdity does not last long. Accordingly 
in 1817, when the Academy, without being discouraged by the ill success 
of its first attempt, unanimously nominated Fourier to Uie place which 
bad just been vacant in the sectiou of physics, the royal confirmation 
was accorded without difBcnlty. I ought to add that soon afterward 
the ruling authorities, whose repugnances were entirely dissipated, 
f^nkly and unreservedly applaadwl the happy choice which yon made 
of the learned geometer to replace Delambre as perpetual secretary. 
They even went so far as to offer bim the directorship of the fine arts ; but 
onr colleague had the good sense to refuse the appointment. 

Upon the death of L^montey, the French Academy, where Laplace 
and Cnvier already represented the sciences, called also Fonrier into its 
bosom. The literary titles of the most eloquent of the writers connected 

* In ftllnaioQ to the nfJUary traitor, Colonel LaMdoyire, who wm eondemiied to dcftUi 
teMponaiug tb«c*iueof N^ioleon. — Tbaksutob. C iOOqIc 
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ihtix th^^cn-k on Egypt were meoDteatable ; they even were not con> 
tested, and still this nomination excited violent discoHsiona in the joor- 
nala, whicli piofoandly grieved onr colleague. And yet, after all, was it 
not a fit Bobject for discnssioD, whether these double nominations are 
of any real ntiUty f Might it not be maintained, without incorring the 
reproach of paradox, tiiat it extingnishee in yonth an emulation vhich 
we are boand by every consideration to encourage t Besides, with 
double, triple, and qnadraple AcademiciaDS, what would eventually 
become of the justly boasted nutty of thelnstitnteT Without insiating 
farther on these remarks, tbe justness of which you will admit if I mis- 
take not, I hasten to repeat that the academic titles of Fourier did not 
fonn even the subject oi a doubt. The applause which was lavished 
upon the eloquent 4U>ge» of Delambie, of Br^gnet, of Charles, an j of 
Herschel, would snfBciently evince that, if their author had not been 
already one of the most distinguished members of the Academy of Sci- 
eoees, the public would have invited him tp assume a place among the 
judges of French literature. 

Bestored at length, after so many vioiesitades, to his favorite pnrsnits, 
Fourier passed the last years of his life in retirement and iu the dis- 
charge of academic dntiee. To eonverae hod become the half of his ez- 
istenoe. Those who have been disposed to consider this the subject of 
just reproach have, do doubt, forgotten that constant reflection is no 
less imperioasly forbidden to man than the abase of physical powers. 
Bepoae, in everything, reomite our firail machine ; bat, gentlemen, he 
who desires reppse may not obtain it. Interrogate yonr own recollec- 
tions and say if, when you axe pursuing a new truth, a walk, the in- 
terconrse of society, or even sleep, have the privilege of distracting yon 
from the objects of your thoughts t The extremely shattered state of 
Foorier'shealtheiuoinedthemostoareful attention. Aftermany attempts, 
he found only one means of escaping th>m the contentions of mind which 
exhausted him : this consisted in speaking aloud upon the events of his 
hfe; upon his sdentific labors, which were either in course of being 
planned, or which were already terminated ; upon the acts of injustice 
of which he had reason to complain. Every person must have remarked 
how insigoiflcant was the state which onr gifted colleague assigned to 
those who were in the habit of conversing with him ; we are now ac- 
quainted with the canse of this. 

Foniier had preserved, in old age, the grace, the urbanity, the varied 
knowledge which, a qnarter of a century previously, had imparted so 
great a charm to bis lectures at the Polyl«Ghuic School. There was a 
pleasure In hearing him relate the anecdote which the listener already' 
knew by heart, even the events in which the individual had taken a 
direct part I happened to be a witness of the kind of ./iwciii«(M>» which 
he exercised upon his aodience, in connection with an incident which 
deserves to be known, for it will prove that the word which I have just 
employed Is not in anywise exaggerated. ^^^ ^ i Coo<jlc 



174 JOSEPH FOUBIEB. 

We foaud oarselves seated at the same table. The guest from vhOTn 
I separated blm was an old ofScer. Oar colleague vas iDformed of this, 
and the qaestioo " Have you been in Egypt 1" served as acommence- 
meiit of a couTersation between them. The reply was in the affirmative. 
Fourier liasteued to add : "As regards myself, I remained in that mag- 
niQcent country until the period of its complete evacuation. Although 
foreign to tbe piofessioD of arms, I have, in the midst of onr soldiers, 
fired against the iusurgeDts of Cairo; I have bad tbe honor of hearing' 
t^e cannou of Heliopolis." Hence to give an account of the battle was 
but a step. This step was soon made, and we were presented with fonr 
battalions drawn up in squares in tbe plain of Qnoubb^h, and maneuver- 
ing, with admirable precision, conformably to the orders of the illustrious 
geometer. My neighbor, with attentive ear, with immovable eyes, fuid 
with outstretched neck, listened to this recital with tbe liveliest inter- 
est. He did not lose a single syllable of it ; one would have sworn that 
he bad for the first time heard of those memorable events. Oeutlemeu, 
it is so delightful a task to please! After having remarked the effect 
which he produced, Fourier revert:ed, with still greater detail, to tbe 
principal fight of those great days : to the capture of the fortified vil- 
lage of Mattaryeh, to the passage of two feeble columns of French 
grenadiers across ditches heaped up with the dead and wounded of the 
Ottoman army, " Generals, ancient and modem, have sometimes spokm 
of similar deeds of prowess," exclaimed our colleague, "but it was io 
tbe hyperbolic style of the bnlletin; here tbe fact is materially true- 
it is true like geometry. I feel conscious, however," added he, " that 
in order to induce you to believe it, all my assurances will not be more 
than sufficient." 

" Do not be anxious upon this point," replied the ofBcer, who at that 
moment seemed to awaken from a long dream. " In case of necesMty, 
I might guarantee tbe accuracy of your statement. It was I who, at 
the head of the grenadiers of the 13th and 85tb semi-brigades, forced 
tbe eutrenchments of Mattaryeh, by passing over tbe dead bodies of 
the janissaries." 

My neighbor was Qeneral Tarayre. You may imagine much better 
than I can express, the effect of the few words which bad just escaped 
from him. Fourier made a thousand excuses, while I reflected npoB 
the seductive influence, upon tbe power of langaage, which for more 
than half an hour had robbed the celebrated general even of the recol- 
lection of the part which he had played in the battle of giants he was 
listening to. 

Tlie more our secretary had occasion to converse the greater repug- 
nance he experienced to verbal discosaions. Fourier cut short every 
debate as soon as there presented itself a somewhat marked differenoe 
of opinion, only to resume afterward the same subject upou tbe modest 
pretest of making a small step in advance ea«di time. Some one asked 
Fontaine, a celebrated geometer of this Academy, how he occupied his 

L^.ooi^lc 
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tboaghts ID society, whereiu he maiDtaiDed an almost absolute silence. 
" I observe," lie replied, " the vanity of mankiod, to woand it as occa- 
sioD offers." If, like liis predecessor, Fourier also studied the baser pas- 
sions which contend for honors, riches, and power, it was not in order 
to engage in hostilities with them ; resolved never to compromise matters 
with them, he yet so calculated bis movements beforehand as not to 
find himself in their way. We perceive a wide difference between this 
dispositionaDdtheardeot,imi)etaouscharacterof tUeyonngoratorof the 
popniar society of Anxerre. But what purpose would philosophy serve, 
if it did not teach us to conquer our passions T It is not that occasion- 
ally the natural disposition of Fourier did not display itself in full relief. 
" It is strange," said one day a certain very iuflnential personage of the 
court of Charles X,'whom Fourier's servant would not allow to pass 
beyond the antechamber of our colleague, " it is truly strange that 
your master should be more difBcult of access than a minister!" Fou- 
rier heard the conversation, leaped ont of his bed to which he was con- 
fined by indisposition, opened the door of the chamber, and exclaimed, 
iace to face with the courtier, "Joseph, tell Monsieur, that if I was 
minister, I should receive everybody, because it would be my duty to do 
80 ; but being a private individual, I receive whomsoever I please, and 
at what hour soever I pleasel" Disconcerted by the Uveliuess of the 
retort, the great seignior did not utter one word in reply. We must 
even believe that from that moment he resolved not to visit any but 
ministers, for the plain man of science beard nothing more of him. 

Fonrier was endowed with a constitution which held forth a promise 
of long life ; but what can natural advantages avail against the anti- 
hygienic habits which men arbitrarily acquire! lu order to guard 
against slight attacks of rheumatism, our colleague was in the habit of 
clothing himself, even in the hottest season of the year, after a fashion 
which is not practiced even by travelers condemned to spend the winter 
amid the snows of the polar regions. " One would suppose me to be 
corpulent," he used to say occasionally with a smilo; " be assured, how- 
ever, that there is much to deduct from this opinion. If, after the 
example of the Egyptian mummies, 1 was subjected to the operation of 
disembowelment, — from which heaven preserve me, — the residue would 
be found to be a very slender body." I might add, selecting also my 
comparison &om the banks of the Nile, that in the apartments of Fon- 
rier, which were always of small extent and intensely heated, even in 
summer, the currents of air to which one was exposed resembled some- 
times the terrible simoon, that bnming wind of the desert, which the 
caravans dread as much as the plague. 

The prescriptions of medicine which, in the month of M. Larrey, were 
blended with the anxieties of a long and constant friendship, failed to 
induce a modification of this mortal regime. Fonrier had already expe- 
rienced, in Egypt and Grenoble, some attacks of aneurism of the heart. 
At Paris it was impossible to be mistaken with respect to the primary 
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canse of tlie freqnent suffocations which he experieDc«d. A foil, how- 
ever, which he sostaioed on the 4th of May, 1830, while descendiiig a 
flight of stairs, aggravated the malady to an extent beyond what conld 
have been ever feared. Oar colleagae, nothwittuttandiog pressing sol- 
icitations, persisted in refusing to combat the moat threatening symp- 
toms, except by the aid of patience and a high temperature. On the 
16tb of May, 1830, abont four o'clock in the evening, Foarier experienced 
in bis Btady a violent crisis, the serions nature of which he was far fh>m 
being sensible of; for, having thrown himself completely dressed npon 
his bed, be reqnested M. Petit, a young doctor of his acqaaintance, who 
carefully attended him, not to go far away, in order, said he, that we 
may presently converse together. But to these words succeeded soon 
the cries, " Quick, quick, some vinegar ; I am fainting ! " and one 
of the men of science, who has shed the brightest luster npon the Aca- 
demy, bad ceased to live. 

Gentlemen, this cruel event is too recent that I should recall here the 
grief which the Institute experienced upon losing one of its most 
importfwt members ; and those obaeqoies, on the ocoasion of which so 
many persons, usually divided by int«rests and opinions, united together 
in one common feeling of admiration and regret, around the mortal 
remains of Fourier ; and the Polytechnic School swelling in a mass the 
cortege, in order to render homage to one of its earliest, of its most 
celebrated professors ; and the words which on the brink of the tomb 
depicted so eloquently the profound mathematician, the elegant writer, 
the upright administrator, the good citizen, the devoted Mend. We 
shall merely state that Fourier belonged to all the great learned societies 
of the world, that they united with the most touching unanimity in the 
mourning of the Academy, in the mourning of all France : a striking 
testimony that the republic of letters is no longer, in the pieaent day, 
merely a vain name. What, then, was wanting to the memory of our 
colleague 1 A more able successor than I have been, to exhibit in iiill 
relief the different phases of a life so varied, so laborious, so gloriously 
interlaced with the greatest evenla of tbe most memorable epochs of 
onr history. Fortunately, the scientific discoveries of the illustrious 
secretary bad nothing to dread from the incompetency of tbe panegy- 
rist. My object will have been completely attained if, notwithstanding 
the imperfection of my sketches, each of you will have learned that the 
progress of general physics, of terrestrial physics, and of geology will 
daily multiply the fertile applications of tbe Th^orie Analytique de Ia 
Chalewr^ and that this work will transmit the name of Fourier down to 
the remotest posterity. 
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By William Odliso, M.B., F.R.8., 

fUkriOn FnJiaoT of Chtmitry. R. L 



The simple story of Mr. Graham's life, though not without its me^nre 
of interest, and certaiuly not without its lessous, is referred to iu the 
following pages only in illustration of the grander story of his work. 
Tlioman Graham was born in Glasgow, on the 21st December, 1805. He 
eutered as a student at the Uuiverijity of Glasgow, iu 1819, with a view 
to becoming ultimately a minister of the Established Church of Scot- 
land. At that time the uuiversity chair of chemistry was filled by Dr. 
Thomas Thomson, a man of very considerable mark, and one of the 
most erudite and thoughtful chemists of his day. The chair of natural 
philosophy was also tilled by a man of much learning, Dr. Meikleham, 
who appears to have taken a warm personal Interest in the progress of 
bis since distinguished pupil. tTuder these masters, Mr. Graham ac- 
quired a strong liking for experimental science, and a dislike to the 
profession chosen for him by his father; who, for a time at least, seems 
to have exerted the authority of a parent somewhat harshly, but quit^ 
anavailingly, to effect the fulfillment of his own earnest wishes in the 
matter. 

After taking his degree of master of arts at Glasgow, in 182C, Mr. 
Graham worked for nearly twoyearsin the laboratory of the University 
of Edinburgh, nuder Dr. Uo]>e. He then returned to Glasgow; and, 
vhile supporting himself by teaching, at first mathematics and after- 
ward chemistry, yet found time to follow up the path of experimental 
iuqniiy, ou which be had already entered. 

His first original paper appeared in the Annals of Philosophy for 
1826, its author being at that time in his twenty-first year. It is inter- 
esting to note that the subject of this communication, " On the absorp- 
tion of gases by liquids," forms part and parcel of that large subject of 
spontaneous gas-movement with which Mr. Graham's name is now so 
ioseparably associated ; and that, in a paper communicated to the Koyal 
Society just forty years later, he speaks of the liquefiability of gases by 
chemical means, iu language ahnost identical with that used iu this ear> 
liest of his puhhshed memoirs. 

Having, in the interval, coutributed several other papers to the scien* 
tific jonrnals, in the year 1829 he published in the Quarterly Journal 
of Science — the journal, that is to say, of the Koyal Institutiou — the 
firstof his papers relating specifically to the subject of gas-diffusion.. It 

* From the proceedings of tbe Boyal luatitoUon, LoDdoPn ( iOOqIc 
12 S 71 o 
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was entitled " A short account of experimental researches on the diffn- 
siOD of giises throngh each other, nud their separation by mechaoical 
means." In the same year, he became lecturer on chemistry at tbe 
Mechanics' Institute, Glasgow ; and in the next year, 1830, achieved 
the yet more decisive step of being appointed professor of chemistry at 
the Andcrsonian University. By this appointment he was relieved from 
anxiety on tbe score of living, and afforded, in a modest way, the means 
of carrying out his experimental work. 

In 1831 he read, before the Royal Society of Edinburgh, a paper " On 
the law of the difl'usion of gases," for which the Keith prize of the society 
was shortly afterward awanled him. Alcbongh several of his earlier 
papers, and especially that " On the dili'usion of gases," published in 
the Quarterly Journal of Science, had given evidence of considerable 
power, it was this paper — in which he established the now well-recog- 
nized law that the velocities of diffusion of different gases are inversely 
as the square roots of their specific gravities — that constituted the first 
of what may properly be considered his great contributions to the 
progress of chemical science. 

In 1833 he communicated a paper of scarcely less importance, to the 
Royal Society of London, entitled " Researches on the arseniates, phos- 
phates, and modifications of phosphoric acid." It affonled further evi- 
dence of Mr. Graham's quiet, steady power of investigating phenomena, 
and of his skill in interpreting results ; or rather of his skill in setting 
forth -the results in all their simplicity, nudistorted by the gloss of 
preconceived notions, so as to make them render up their own in- 
terpretation. It is difficult nowadays to realize the independence of 
mind involved in Mr. Graham's simple interpretation of the facts 
presented to him in this research, by tbe light of the facts themselves, 
irrespective of all traditional modes of viewing them. Their investiga- 
tion let in a flood of light upon the chemistry of that day, and formed 
a starting-point from which many of our most recent advances may be 
directly traced. In this pai»er, Mr. Graham established the existence 
of two new, and, at that time, wholly nnanticipated classes of bocbes, 
namely, the class of polybasic acids and salts, and the class of so-called 
anhydro acids and salts. The views of Graham on the polybasicity of 
phosphoric acid were soon afterward applied by Liebig to tartaric 
acid, and by Oerhardt to polybasic acids in general, as we now recog- 
nize them. After a long interval, the idea of polybasicity was next ex- 
tended to radicals and to metals by 'Williamson and myself saccessively; 
afterward to alcohols by.Wurtz, and to ammonias by Ilofmann. The 
notion of anhydro-salts was extended by myself to the different classes 
of silicates ; by Wurtz to the compounds intermediate between oxide of 
ethylene and glycol ; and by other chemists to many difl'erent series of 
organic IkmIIcs. 

The next most important of the researches completed by Mr. Gra- 
bam while at Glasgow was the subject of a paper comipanicated to the 
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Boyal Society of BdtDburgh, in 1835, " On vater as a constituent of 
salta," and of a second paper commuuicuted to tlie Eoyal Soeiety of 
London, in 183C, eu titled "Inqniriesrefipectingtbecoostitutioii of salts, 
ftc," for which latter a royal medal of the society was afterward 
awarded. The sabject of liydratioo had yielded him anch a harvest of 
resnlta in the cane of phosphoric acid, that it was only natural he should 
wish to pursue the inquiry further. Indeed, it is a curious illustration 
of the persistency of the man that he never seems to have left out of 
sight the subjects of his early labors. Almost all his subsequent 
original work is but a development, in different directions, of hisyouth- 
iiU reseanihes on gas-diffoBion and water of hydration ; and so com- 
pletely did he bridge over the space intervening between these widely 
remote subjects, that, with regard to several of his later investigations, 
it is difficult to say whether they are most directly traceable to his primi- 
tive work ou the oue subject or on the other. 

In 1S37, on the death of Dr. EdwanI Turner, Mr. Graham was ap- 
pointed professor of chemistry at University College, London, then 
called the University of London. On his acceptance of this appoint- 
ment he began the publication of bis well-known Elements of Chem- 
istry, which appeared in parts, at irregular intervals, between 1837 and 
1841, Elementary works, written for the nse of students, have neces- 
sarily much in common ; but the treatise of Mr. Graham, while giving 
an admirably digested account of the most important individual sub- 
Stances, was specially distinguished by the characb-r of the introductory 
chapters, devoted to chemical physics, wherein was set forth one ol 
the most original and masterly statements of the first principles of chem- 
istry that has ever been placed before the English student. "The 
theory of the voltaic circle" had formed the subject of a paper com' 
muuicated by Mr. Graham to the British Association in 1839 ; and the 
account of the working of the battery, given in his Elements of Chem- 
istry, and based ou the above paper, will long be reganled as a model ol 
Incid scieDtific exposition. 

In 1841 the now flourishing Chemical Society of Loudon was foundeil 
and though Mr. Graham had been, at that time, but four years in Lou- 
don, such was the estimation in which he was held by his brother chem- 
ists, that he was unanimously chosen asthe first president of the society. 
The year 1844 is noticeable in another way. Wollaston and Davy had 
been dead for some years. Faraday's attention had been diverted from 
chemistry to those other branches of experimental inquiry in which his 
highest distinctions were a<-hiered ; and, by the death of Dalton in this 
year, Mr. Graham was left as the acknowledged first of English chem- 
ists, as the notnnworthy successor to the position of Black, Priestley, 
Caveodisb, Wollaston, Davy, and Dalton. 

From the period of his appointment at University College, in 1837, 
Mr. Graham's time was fully occupied in teaching, in writing, in advising 
on chemical manufactures, in investigating fiscal and other questions for 
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the Government, and in the publication of various scientiec meo-^irs, 
several of them itoBsessing a high degree of interest ; but it was not till 
1846 that be produced a research of any considerable magnitude. lu 
that year he presented to the Koyal Society the first part of a paper 
" On the motion of gases," the second part of which he supplied in 18J9. 
For this research Mr. Graham was awarded a second royal medal of 
the society in 1850. The preliminary portion of the first part of the 
paper related to an experimental demonstration of the law of the effu- 
sion of gases, deduceil from Torricelli's theorem on the efflux of liquids 
—-a demonstration that was achieved by Mr. Graham with much inge- 
nuity, and without his encountering any formidable difficulty. Bnt the 
greater portion of the first part, and whole of the second part, of this 
most laborious paper were devoted to an investigation of the velocities 
of transpiration of dlfierent gases throngh capillary tubes, with a view 
to disco\er some general law by which tlieirobserved transpiration rates 
might be as^wciated with one another. Again and again, with charac- 
teristic pertinacity, Mr. Graham returned to the investigation; but, 
although much viiluable information of an entirely novel character was 
acquired — information having an important bearing on his subsequent 
work — the problem itself remained, and yet remains, unsolved. Why, 
for example, under an equal pressure, oxygen gas should pass through a 
oapillary tube at a slower rate than any other gas is a matter that still 
awaits interpretation. 

Near the end of the same year, 1849, Mr. Graham communicated, also 
to the Royal Society, a second less laborious, bnt in the novelty and 
interest of its results more successful, paper *'0n the difi'usion of 
liquids.'^ It was made the Uakerian lecture for 1850, and was supple- 
meutted by further observations communicated to the society in 1850 and 
1851. In his investigation of this subject, Mr. Graham applied to liquids 
the exact method of inquiry which he had applied to gases just twenty 
years before, in that earliest of his papers on the subject of gas-diffusion 
published in the Quarterly Journal of Science; and he succeeded in 
placing the subject of hquid-diffosion on about the same footing as that 
to which he had raised the subject of gas-diffusion prior to the discovery 
of his numerical law. 

In 1854 Mr. Graham commnuicnted another paper to the Eoyal 
Society, " Ou osmotic force," a subject intimately connected with that 
of his last previous communication. This pajier was also made the 
Bakerian lecture for the year; but, altogether, the conclusions arrived 
at were hardly in proportion to the very great labor expended on the 
inquiry. In the next year, 18i)5, just flve-and-twenty years after his ap- 
pointment at the Andersoiiian Quiversity, Mr. Graham was made master 
of the mint; and, as a consequeuce, resigned his professorship at tTni- 
versity College. During the next five years he published no origiual 
worli. 

Thus, at the beginning of the year 1801, Mr. Graham, then fifty -six 

L.OOQk.' 
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years of age, had produced, in addition W many less important com- 
muDicatioDS, five principal memoirs ; three of them io the liif;he»t degree 
successful; the other two less successful in proportion to the cxpetidi- 
tura of time and labor oa them, but, nevertheless, of great originality 
and value. The most brilliant |>eriod, however, of his scientific career 
was to come. In the year 1861, and between then and his death iu 1869, 
Mr. Orabam communicated four elaborate papers to the Eoyal Society, 
three of them far exceeding in novelty, interest, and ])bilosophio power 
anything that be had before produced ; aud the other of them, relating- 
to a certain physical efiect of that bydratiou of compounds, from the 
consideration of which his attention could never wholly be withdrawn. 
This least important paper, "On liquid transpiration in relation to 
chemical composition," was communicated to the lioyal Society in 1861, 
Of the three greater papers, that " On liquid diffusion applied to anal- 
ysis" was communicatfHl also iu ISCl. For this paper more especially, 
as well as for his Bitkerian lectures "Ou the diffusion of liquids" and 
"On osmotic force," Mr. Graham received, iu 1862, the Copley medal 
of the Boyat Society ; and, in the same year, was also awarded the 
Jecker prize of the Institute of Prance. Following in quick snccession^ 
his paper "On the molecular mobility of gases" was presented to the 
Boyal Society in 1863 ; and that " On the absorption and dialytic 
separation of gases by colloid septa," iu 18C6. With regan] to these 
three great pai)ers, two of them were each supplemented by a communi- 
cation to the Chemical Society; while the third was supplemented by 
four successive notes to the Royal Society, containing an account of 
further discoveries on the same subject, hardly less remarkable tUau 
those recorded in the original paper. The last of these supplementary 
notes was communicate<l on June 10, 1869, but a few months before the 
death, on September 13, of the indefatigable bat physically broken- 
down man. 

Id considering Mr. Graham as a chemical philosopher and lawgiver, 
we find him characterized by a pertinacity of purpose peculiarly his 
own. Wanting the more strikingqnalities by which his immediate pre- 
decessors, Davy, Daltou, and Faraday, were severally distinguished, he 
displayed a positive zeal for tedious quantitative work, and a wonder- 
ful keen-sightedness iu seizing the poims which his innumerable deter- 
minations of various kinds, conducted almost incessantly tor a i>eriod of 
fotty years, successively unfolded. His work itself was essentially that 
of detail, original in couception, simple iu execution, laborious by its 
quantity, and brilliant in the marvelous results to which it led. Aa 
regards its simplicity of execution, scarcely any investigator of recent 
times has been less a friend to the instrumentmaker than Mr. Graham. 
While availing himself, with much advantage, of appliances devised by 
BuQsen, Poiaeuille, Sprengel, and others, all the a|)paratus introduced 
hy himself was of the simplest character, aud for the most part of labor- 
atory constnictiou. CiOOqIc 
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Essentially inductile in his mode of thoiigtit, Mr. Graham developed 
his leading ideas, one after another, directly from experiment, scarcely, 
if at all, from tlie prevailing ideas of the time. As well observed by 
Dr. Aogns Smith, " he seemed to feel his way by his work." His records 
of work are asaally, in a mauucralmostcbaracteristic, preceded each by 
a statement of the interpretation or conclusion which be formed j but 
the records themselves are expressed in the moat nnbiased ifiatter-of- 
fact language. Singularlji cautious in drawing his conclusious, he 
announces them from tlie tirst with boldness, making no attempt to cob- 
vince, but leaving the reader to adopt tbem or not as he pleases. 
Accordingly, in giving an account of bis various researches, Mr. Gra- 
ham rarely, if ever, deals with argument ; but ho states succinctly tbe 
esperimeiits he has made, tbe conclusions lie has himself drawn, and 
not uufreqnently tbe almost daring speculations and generalizations ou 
which be bas ventured. Some of these s|>eculation8, on the constitution 
of matter, ai-e reproduced in his own words further on. 

Mr. Graham was elected a fellow of the Koyal Society in 1837 ; cor- 
responding member of the Institute of Fmuce in 1847 ; and doctor of 
civil law of Oxford in 1855. 

The remaining pages of tbis abstract are devoted to an account of his 
principal discoveries — tbe generalizations they suggested to bim, and 
the relations in which they stood to precedent knowledge. 

I. 

Modijioationa of pkoaphoric add. — At tbe date of Mr. Graham's inves- 
tigation of tbis subject, when oxy-salts were usually represented as eom- 
pounds of anhydrous base with anhydrous acid, the i>oiut of greatest 
importance, with regard to each class of salts, was held to be the ratio 
borne by tbe oxygen of the base to the oxygen of the acid. Thus, in 
the carbonates, this ratio was as 1 to 2 ^ in the sulphates, as I to 3 ; and 
in the nitrates, as 1 to 5. But with regard to the phosphates, taking 
common phosphate of soda as a type of phosphates in general, there 
was a difficulty. Dr. Thomson maintained that, in this salt, tbe ratio 
of the oxygen of the base to the oxygen of the acid was as 1 to 2 ; and 
bis view was substantially supported by Sir Humphrey Davy. Berzelins 
contended, however, that the ratio was as 1 to 2^, or, to avoid the use 
of fractions, as 2 to 5 ; but, notwithstanding the excellence of the 
Swedish cbemisfs proof, and its corroboration by the researches of 
others, the simpler and, as it seemed, more harmonious view of Dr. 
Thomson prevailed very generally in tbis country. Anyhow, those 
phospliatesin which the oxygen ratio was the sameasthatin phospbate 
of soda were taken as the neutral salts. But phosphate of soda was 
found to have the peculiar and quite iuesplicable property of reactii>g 
with nitrate of silver to throw down, as a yellow precipitate, a phosphate 
of silver, in which tbe proportion of metallic base exceeded that in the 
original phosphate of soda — the precipitation of the basic salt being 
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accompanied correlatively by the formation of a strongly acid llqaid 
According to Berzelius, the ratio of the oxygen of the base to that of 
the acid, in thia yellow precipitate, was as 3 to 5. 

In 1821 Mitseherlich, theti working in Berzeliusj'a laboratory, obtained, 
by treating onlinary phosphate of soda with a,queous phosphoric acid, 
a new crystallizable pbosi)hate of soda, in which the ratio of acid to 
base was twice as great as that in the ordinary phosphate. This new 
salt, which had a strongly acid reaction to test paper, he called the bi- 
phospbate of soda. He observed that it was a hydrated salt, and that 
while the ratio in it of the oxygen of the base to tlie osygen of the acid, 
was as 1 to 5, the ratio of the oxygen of the base to the oxygen of the 
water was 1 to 2. 

In 1827 Mr. Graham's fellow~townsman, and predecessor at the Me- 
chanics' Institute, Dr. Clark, discovered another new phosphate of soda, 
in which the ratio of the oxygen of the base to the oxygen of the acid 
was identical with that in the ordinary phosphate, namely, as 2 to 5. 
Bat whereas the onlinary phosphate crystallized with 25 proportions of 
water, the new phosphate crystallized with only 10; and whereas the 
ordinary pfaoaphate gave a yellow precipitate with nitrate of silver and 
a strongly acid supernatant liqaid, the new phosphate gave a chalk, 
white precipitate with nitrate of silver and a perfectly neutral superna- 
tant liquid. This new phosphate, being formed by heating the common 
phosphate to redness, was accordingly designated the pyrophosphate. 
By dissolution in water and evaporution of the liquid, it could be ob- 
tained in the lO-hydrated crystalline state; and by desiccation at 
sand-bath beat, the crystalline salt could be again rendered anhydrou 
Vr'ith reganl to the 25 proportions of water belonging to the ordinary 
salt, Dr. Clark noticed that 21 proportions could be driven olf by a sand- 
bath heat, and that this moderate heat did not alter the nature of the 
salt. He found that the 25th proportion of water, however, could ouly 
brfdriven off by a full red heat; and that, simultjmeoualy with its ex- 
pcdsion, the change in the nature of the salt was effected. But he care- 
fully guarded himself against being supposed to think that the change 
hi properties of the ssvlt was consequent upon an elimination of it-s 
water. The driving off of water from salts being, as he justly remarked, 
a common effect of heat, he regarded this effect as a concomitant only 
of the peculiar elfect of heat in altering the nature of the phosphate. 

Other anomalies with regard to phosphoric acid and the phosphates 
were also known to chemists; and, on referring now to standard chem- 
ical works written before the year 1833, the whole subject of the phos- 
phates will be seen to be iu the greatest confusion. It was in this year 
^at Mr. Graham communicated his paper, entitled " Researches on the 
^t^uiates, phosphates, and modifications of phosphoric acid," to the 
Royal Society.' 
In the course of these researches he established the existence of a 
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elaea of Bolable sub-phospbates analogona to the yellow insoluble phos- 
phate of silver; aod ho showed, with great clearneBS, tbat ia the three 
classes of phosphates, namely, the sub-phospbates, tbe comiuoD phos- 
phates, and the bi-phosphates, tbe ratio bwne to the oxygen of the acid 
by the other oxygen of the salt is the same, namely, as 3 to 5 ; only that, 
in the three classes of salts, tbe non-acid oxygen is divided between 
different proportions of metallic base and water, thas: 

Siib-phospbat* of soda SNaO.POt. 

Common phosphate of Boda HO.3NaO.POb 

Bi-pbosphate of soda 2H0. NaO,PO». 

He further point«d ont tbat, to these three series of salts, there cor- 
responded a definite phosphate of water, or, 

Hydrated phosplioric acid 3H0.P0t 

Gomponnds of one and tbe same anhydrous acid with one and the 
^&ame anbydroas base, in different proportions, had long been known; 
bnt it was thus that Mr. Graham first established the notion of poly- 
basic compounds — the notion of a class of hydrated acids having more 
than one proportion of water replaceable by metallic oxide, and tbat 
snceessively, so as to furnish more and more basic salts, all preserving, 
as we should now say, the same type. 

Mr. Graham further showed that Dr. Clark's pyrophosphate of soda, 
like the cominou phosphate, yielded an acid-salt or bi-phosphate; and 
that these two componnds were related to a hydrated phosphoric acid 
differing in composition and properties from the above-mentioned hy- 
drate, and yielding, after neutralization with alkali, a white instead of 
a yellow precipitate with nitrate of silver. This series of compounds 
he expressed by the following formalie: 

Clark's pyrophoephiite of soda 2NaO.POs. 

Acid or bi-pyrophosphate of soda HO.NaO. POn. 

Hfdratetl pyrophosphuric acid 2 HO , PC*. 

Lastly, Mr. Graham showed that wheu the bi-phosphate or bi-pyro- 
phosphate of soda was ignited, there was left a new variety of phos- 
X)hate, which he called the mctapbosphate, having the same projKtrtions 
of sodit and anhydrous phosphoric aci<l as tbe original compound, but 
differing ft-om it in several properties, more particularly in its inability 
to furnish any acid salt. From this new phosphate he obtained the cor- 
responding hydrated acid, and found it to be identical with tbat ^'itriety 
of phosphoric acid then, aud still, known as glacial' phosphoric acid, 
which had previously been noticed to possess the distinctive property 
of causing a precipitate in solutions of albumen. This salt and acid 
he represented as follows : 

HKnphoiphitte of soda NaO-POi. 

MutuphoHplioric acid HO.POi. 

Speaking of the acid obtainable from, and by its neatralization recon* 
verted into, the phosphate, pyrophosphate, and uietapbosphate of aoda 
respectively, Mr. Orahamremarked: "Theacid, when separated from tbe 

e.oo'sic 



PROFESfiOE THOMAS GEAHAM's SCIENTIFIC WORK. 185 

hose, will possess and retaiu for some time the characters of its pecaliar 
laodiScation. • ■• • But I snspectthat the modiflcatious of phosphoric 
acid, when in what we would call a free state, are still iu comhinatioQ with 
their nsoal proportion of base, and that that base is water. Thus the 
three modifications of phosphoric evidence may be composed as follows: 

Pboiphorio Mid 3H0.P0(. 

Pyiophosplioric acid 2H0. P 0(. 

Metupbospboric acid^ HO.POi.; 

or they are respectively a tri-phosphate, a bi-phosphate, and phosphate 
of water." These remarks he followed up by analytical evidence, show- 
ing the existence of the three hydrates, each iu its isolated state. 

Just as iu his demonstration of the relationship to oue another of 
sah-pbosphate of soda, phosphate of soda, bi-phosphate of soda, and 
common phosphoric acid, Mr. Graham originated the notion of polybasic 
compounds, so, in his demonstration of the nature of the pyrophosphates 
and metaphosphates, as bodies differing from the normal compounds 
by an abstraction of water or metallic base, did he originatA the notion 
of anhydro-compouDds— so did he discover, for the first time, an iu- 
Btance of that relationship between bodies which is now known to pre- 
vail most extensively among products of organic as well as of mineral 
origin. 

The different properties manifested by phosphoric acid, in its differ- 
ent reputedly isomeric states, having been shown by Mr. Graham to be 
dependent on a differeace of hydration; that is t^ say, on a difference 
of chemical composition, he was inclined to view the difference of prop- 
erties observed in the case of other reputedly isomeric bodies as being 
also dependent on a difference of composition, the differcDce occasionally 
consisting iu the presence of some mionte disregarded impurity. Accord- 
ingly he communicated to the Itoyal Society of Edinburgh in 1834* a 
paper " On phosphureted hydrogen," iu which he showed that the spon- 
taneously inflammable and uon-spontaneonsly inflammable varieties of 
the gas '^ are not isomeric bodies, but that the peculiarities of the spon- 
taneously inflammable species depend npon the presence of adventitious 
matter," i-emovable in various ways, and existing but in very minute 
proportion.t He further showed that the vapor of some acid of nitro- 
gen, apparently " nitrons acid, is capable of rendering phosphureted 
hydrogen spontaneously inflammable when present to the extent of one 
ten-thonsandth part of the volume of the gas." In connection with this 
research may be mentioned Mr. Graham's earlier experiments on the 
influence of minute impurities in modifying the chemical behavior of 
different substances. In some " Observations on the oxidation of phos- 
phorus," published in the Quarterly Journal of Science,t for 1829, he 
showed that the presence of -jj^ of oleflant gas, and even f^, hy vol- 



'Edinburgh Boyal Society TransactioDS, xiii, 1836, p. B& 
t It WB8 af[«rward isolated by P. TbuDord. 
J Qoarterly Journal Soieace, ii, 1H29, p. 83. 



;,Googlc 



186 PHOPESSOE THOMAS GBAHAM's SCIENTIFIC WOHK. 

nme, of turpentioe vapor, Id air uoder ordinary pressure, rendered ifc 
incapable of eflecting the slow oxidation of pliospliorus. He also ob- 
served and recorded the iofiuence upon tlie oxidation of phospborus of 
various additioDB of gas and vapor to air, uoder different circumstances 
of pressure and temperature. 

II. 

Hydration of compounds. — In tlie earliest of Mr, Graham's published 
memoirs, that " On the absorption of gases by liquids,"" he contended 
that the dissolution of gases in water, at any rate of the more soluble 
gases, is a chemical phenomenon, depending on their essential property 
of liquefl ability being bronght into play by their reaction with the sol- 
vent, that is to say by their hydration. The results of some further 
vork on the same subject he published under the title of "Esi>erimeQts 
on the absorption of vapors by Iiquids.''t 

In 1827 he gave to the Koyal Society of Edinburgh "An account of the 
formation of alcoholates, definite compounds of salts and alcohol analo- 
gous to the bydrates."^ In this pa)}er, after a description of some ex- 
periments on the desiccation of alcohol, he showed that anhydroas 
chloride of calcium, uitrateof time, nitrate of magnesia, chloride of zinc, 
and chloiide of manganese have the property of uniting with alcohol, as 
vith water, to form definite compounds. The crystalline compound with 
choride of zinc, for instance, containing 15 per cent, of alcohol, he rep- 
resented by the formula ZnGI.2 CjHaO; corres[>onding to the modern 
formula ZuCU.2CjH«0. 

In 1835 Mr. Graham communicated a paper, also to the Boyal Society 
of Edinburgh, " On water as a constituent of 8alts.''S In this pai>er he 
showed more particularly that the so-called niagnesian sulphates, crys- 
tallizing usually with 7, 0, or 5 proportions of water, gave up all bnt the 
last proportion of water at a moderate heat, but retained this last propor- 
tiouwith great tenacity. The comparatively stable mono-hydratcd salts, 
mono-hydrated sulphate of zinc, for instance, Zn O . S O3 . II O, he re- 
garded as the analogues of crystallizable sulphuric acid II O. SOj.H O. 
He showed further that the firmly retained water of sulphate of zinc, 
for instance, differed from the firmly retained water of phosphate of 
soda, in not being basic, or replaceable, that is to say, by metallic oxide. 
He conceived, however, that iu the double sulphates, potiissio-sulphate 
of zinc, for instance, ZnO.8 Oj, KO.SOj, the water of the compound, 
ZnO.SO3.HO, was replaced by alkali-sulphate, and he accordingly 
designated the water of this last, and of similar compounds, by the name 
of saliuo or constitutional water. 

In the following year, 1836, Mr. Graham communicated to the Boyal 

'TbomHoii, AddbIh of Fhiloaopby, xii, iS'X, p. G9. 
lEdiDbargh Joonial of Science, viii, 18iS, p. XX, 
tBdinburgh Boyal Society TruiiKactioiiB, li, 1937, p. 175. 
i Ibid., xiLi, 1836, p. 297. GoOqIc 
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Society of London an elaborate paper, entitled " Inqairies respecting the 
coDStitatiou of salts, of oxalates, iiitrates, phosphates, sulpliates, and 
chlorides."* In it are recorded careful analyses of very maay salts, 
more particularly in respect to their water of hydration ; with remarks 
upOD the greater or less tenacity with which the water is retained in 
different instances. lu this paper he put forward the notion that trnly 
basic salts are nevertheless neutral in constitution ; and that the excess 
of metallic base does not stand in the relation of a base to the anhy- 
drous acid, but as a representative of the water of hydration of the 
iieatral salt. He illustrated this position by a comparison of the defi- 
nite hydrate of nitric acid with other hydrated nitrates, thus: 

Hydrat«d oitrlo acid, ap. gr. 1.42 HO. N0s.3H0. 

Hydmted nitrate of zlno ZuO.NOg.3HO. . 

Hydrated nitrate of copper CuO.NO(.3HO, 

Basio nitrate of copper HO. H0..3CoO. 

He contended that, in the last ciipric salt, it is the water and not the 
oxide of copper which acts as a base ; and, in support of this view, he 
remarked that if the water of the salt were water of hydration simply, 
it ought, in presence of so large an excess of metallic base, to be very 
readily expelled by heat ; whereas it is actually inexpulsable by any 
heat whatever, short of that effecting an entire decomposition of the, 
salt. Again, he pointed out that when the strongest nitric acid HO.NOg 
is added, in no matter what excess, to oxide of copper, the basic salt is 
atone produced, apparently by a direct addition of the oxide of copper 
to the nitrate of water. 

In 1841 Mr. Graham gave to the Chemical Society "An acconnt of 
experiments on the heat disengaged in combination." t These experi- 
ments included numerous determinations of the heat evolved in the 
hydration of salts, and more particularly of the sulphates, including 
sulphate of water, or hydrated sulphuric acid. Starting tvom oil of 
vitriol HO. SO J, he found that each successive addition of a proportion 
of water H O, evolved an additional, but successively smaller and smaller 
increment of heat; and that, even after the addition of fifty propor- 
tions of water to the acid, the further addition of water was yet followed 
by a perceptible development of heat. 

The relation of ether to alcohol being regarded as that of an oxide to 
its hydrate, and expressed by the formula CiHjO, and CtHjO. HO, 
the conversion of alcohol into ether became a matter of dehydration ; 
and, accordingly, could not escape the examination of Mr. Gmham, 
who, in 1850, presented to the Chemical Society some " Observations on 
etherifl cation. "f The process of manufacture consisting in the distil- 
lation of a mixture of alcohol with sulphuric acid, and being attended 
by an intermediate production of sulphate of ether or sulphethylic acid, 
the substitution of ether for the basic water of sulphuric acid at one 
* PbiloBophical TrauBactious, 1837, p. 47. 
t Chemical Society Mumoira, i, p. 106. .-, . 
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temperature, and the reverse substitution of water for the basic ether 
of sulpbetliylic acid at a higher temperatnre, bad been represented as 
depending oii the augmented elasticity of the ether vapor at the higher 
temperature. Mr. Graham showed, however, that ether could be very 
readily formed by beating the mixture of sulphuric acid and alcohol in 
scaled tubes — that is, under conditioos in which the augmentation of 
volatility due to heat vfna pari passu couuterbalaoced by the dimination 
of volatility due to pressure. Altogether, Mr. Graham supported the 
contact theory of ether formation, as opposed to the then received re- 
action theory; but several of his experiments afforded clear, though in- 
deed 8Ui)ererogatory, support to the reaction theory soon afterward io- 
tro<iuced by Williamson. 

lu addition to the memoirs cited above, the qoestioa of hydration 
formed an express or incidental subject of many other of Mr. Graham's 
investigations. It is noteworthy that, for bim, osmosis became a me- 
chanical effect of the hydration of the septum ; that the interest attach- 
ing to liquid' transpiration was the alteration in rate of passage conse- 
quent ou an altered hydration of the liquid ; that the dialytic difference 
between crystalloids and colloids depended on the dehydration of the 
dialytic membrane by the former class of bodies only; and siuiilariy in 
man) other instances. 

III. 

JUovementt of liquids under pressure. Transpiration.—Thnt the ve- 
locities with which different liquids, under the same pressure, issue 
from a hole in the side or bottom of a vessel should be inversely as 
the square roots of their respective specitic gravities is a proposition 
deducible from well-known mechanical principles. As demonstrated, 
however, by Dr. Poisenille, this law is not applicable to the case of 
liqaids issuing under pressure through capillary tubes. In addition 
to determining experimentally the laws of the passage of the same 
liquid — that the velocity is directly as the pressure, iuversely as the 
length of the capillary, and directly as the fourth power of the 
diameter, and that it is accelerated by elevation of temperature — 
Dr. Foiseuille further showed that the rate of passage of different liquids 
through capillary tubes is for the most part a special property of the 
particular liquids ; and that while the rate of passage of water, for 
instance, is scarcely affected by the presence of certain salts in solution, 
it is materially accelerated by the presence of chlorides and nitrates of 
potassium and ammonium, and materially retarded by the presence of 
alkalies. He also showed that while the rate of passage of absolute 
alcohol is much below that of water, the rate of passage of alcohol 
diluted with water in such proportion as to form the hyrlrate, Hg Ca O . 
3 Aq, is not ouly much below that of alcohol, but also below that of 
any other mixture of alcohol and water. 

Some time after Dr. Foiseuille's death Mr. Graham, 8tariingfh>m this 
' St observation, took up the inquiry. Giving to the nhe^pf^non itself 
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the name ot' " transpiration," which he had previously applie<l to the 
similar passage of gases through capillary tubes, he communicated 
hi3 results to the Goyal Society iu a paper "On liquid transpiration 
in relation to chemical composition,"" The method he followed in liis 
experimeots was precisely that of Dr. Poiaeuille, and the principal 
results at which he arrived are the following: 

1. Tbat dilntion with water does not effect apart pmsa alteration 
in the traDspiratiou velocity of certain liquids ; but tbat dilution up to a 
certain poiut, corresponding to the formation of a definite hydrate, not 
nnfrequently retards the transpiration velocity (or increases the trans- 
piration time) to a maximum, from which the retardation gradually 
diminishes with further dilution. This is well seen in the following 
table, giving the transpiration times of certain liquids in their undi- 
Intetl state, and also the maximum trauspiration times observed with 
the same liqnids wlicu diluted with a regularly increasing quantity of 
water, the particular dilution causing the maximum retardation corre- 
sponding in every case to the production of a definite hydrate: 



Water H,0 

8ulpbahcacia..HtS0,... 

Kitrieacid HNO,... 

Acetic acid H,CsOi., 

Alcohol H,C,0.. 

Wood-spirit ....H.CO- 
Acetone HiCjO., 



TranspiratiuD times. 



1.000 


1.000 


*Aq. 


21.651 


23.771 


H,S04.Aq. 


.990 


2.103 


2HNOi.3Aq. 


1.280 


2.704 


H,C,0,.2Aq. 


1.195 


2.787 


HeC.O.SAq. 


.630 


1.802 


H,C0.3Aq. 


.401 


1.604 


HoCiO.SAq. 



2. That the transpiration times of homologous liquids increase reg- 
ularly with the complexity of the several molecules constituting terms 
of the same series — certain first terms of the different series, however, 
presenting some anomalies, us was, indeed, to be expected. The trans- 
piration timesof thefattyetbersaregiven below in illustration. Similar 
results were obtained with the series of fatty acids and their correspoud- 
iog atcofaols: 

TnmaplnUon Umo, 

Water HjO... 1.000 

Formic HnCjO* 511 

P., AoeUc HsCOi 55."* 

*-*'"■ ■^ Butyric H„C,0, 750 

Valeric H„CtO, SOT 

In this paper Mr. Graham also recorded the results of two verj- full 
wries of determinations of the transpiration rates of water at different 
temperatures between 0° and 70°, and of two similar series of ex- 
periments made with alcohol. The transpiration velocity of water was 
fonnd to increase unitbrmly from 0.559 at 0° to 1.000 at 20°, aud thence 
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to 2.350 at 7(P; and correlatirely the transpiratioii times were fouDd to 
decrease ia tlie same proportiou. The resiilUi obtained with alcohol 
were precisely similar. 

TV. 

IHffumOR of liquids. — Mr. Graham's early study of the spoDtaoeons 
movements of gases, so as to mix with one another, naturally led him 
to investigate) the similarly occurriug movements of liquids. His resalta 
formed the subject of two papers communicated to the Boyal Society, 
one in 1840, "On the diffusiou of liqutde,"* and the other in 1861, "On 
liquid ditfusioo applied to ana1y8iH.''t In the series of experiments 
described in the first of these papers and in two supplementary com- 
munications an open, wide-mouthed vial, filled with a solution of some 
Salter other substance, was placed iu ajar of water; when, in course of 
time, a portion of the dissolved salt, describe<l as the diffusate, passed 
gradually from the via) into the external wuter. By experimenting in 
this manner, the amounts of diffusate yielded by different substanoes 
were found to vary greatly. Thus, under precisely the same conditioas, 
commou salt yielded twice as large a diffusate as Epsom salt, and this 
latter twice as large a diffusate as gnm-arabic. Every substance ex- 
amined was iu this way found to hare its own rate of diffusibility in the 
same liqaid medium — the rate varying with the natare of the medium — 
whetberwateroralcohoUfor instance. It is noticeable that the method 
of vial diffusion resorted to in these experiments is exactly similar to 
that employed by Mr. Graham in his earliest experiments on the diffu- 
sion of gases, published in the Quarterly Journal of ^ience for 1829. 

In the series of experiments recorded in the paper "On liquid diflh- 
sion applied to analysis," the solution of the salt to be diffused, instead 
of beiug placed in a vial, was eon\'eyed by means of a pipette to the 
bottom of a jar of water ; when, in course of time, the dissolved salt 
gradually rose from the liottom, through the superincumbent water, to 
a height or extent proportional to its diffnsibility. The results of this 
isetbod of jar-diQ'usion were foond to be^r out generally those attained 
by the method of vial-diffusion ; while they further showed the absolute 
rate or velocity of the diffusive movement. Thus, during a fourteen 
days' aqueous diffusion from 10 per cent, solutions of gum-arabic, 
Epsom salt, and common salt respectively, the gum-arabic rose only 
through ^ of the superincumbent water, or to n height of 55.5 milli- 
meters ; the Epsom salt rose through the whole JJ of 8n|>eriiicnmbent 
water, or to a height of 111 millimeters ; and the common salt not only 
rose to the top, but would have riseu much higher, seeiug that the up- 
permost or fourteenth statum of water, into which it had diffused, con- 
tained about fifteen times as much salt as was contained iu the upper- 
most or fourteenth stratum of water into which the Epsora salt had , 
diffused. 

■ Philosophical Trausactious, 1650, pp. 1, 805 ; 1851, p. 483. 
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Bat of all tbe resnlts obtaioed, the most intereBtiDg, fttrm tbeir bear- 
ing on varions natural pbenouena, were those on the partial separa- 
tion -of difTerent compounds from one another, brought about by their 
nneqiial diffustbilit;. Thns, with a solution of equal weights of com- 
mon salt and gum-arabic placed iu the diffusion-vial, for every 100 milli- 
grams of salt, not more than 22.5 milligrams of gnm were fouud to 
pass into the external water ; or a separatiou of the salt from the gum, 
to this large extent, took place spontaneously by the excess of its own 
proper difTiiaivo movement. Again, when a solution, containiug 5 
per cent, of common salt and fi per cent> of Glauber's salt, was sub- 
mitted for seven days to the process of jar-diffusion, the upper half, or 
^, of superincumbent water was found to contain 380 milligrams of 
common salt and only 53 milligrams of Glauber's salt ; or the ratio of 
common salt to Glauber's salt iu the upper half of the liquid was as 100 
to 14, the ratio iu the original stratum of solution being as 100 to 100. 
And not only a partial separation of mixed salts, but even a partial 
decomposition of chemical compounds, was fonnd to result from the pro. 
cess of liquid diffusion. Thus tbe double sulphate of potassium and 
hydrogen, when submitted to diffusion, nnderwent partial decomposi- 
tion into the more diffusible sulphate of hydrogen and the less diffusible 
sulphate of potassium ; and, similarly, ordinary alum, a double sulphate 
of aluminum and potassium, underwent partial decomposition into the 
more diffusiblesulphateof potassium, and the less diffusible sulphate of 
aluminum. Strictly speaking,* perhaps, the decomposition of the 
original salts was not caused by, but only made evident by, the differ- 
ence in diffusibility of the products. 

As a general result of his exfteriments, Mr. Graham inferred that 
liquid diffusibility is not associated in any definite way with chemical 
composition or molecular weight. Thus he found the complex organic 
bodies picric acid and sugar to have much the same diffusive rates as 
common salt and Epsom salt respectively. Isomorphous compounds, 
however, proved for the most part to be equi-diffusive; although the 
groups of equi-diffusive substances habitually comprehended other thau 
those which were isomorphous. 

Observing further that, in many cases, the diffusion-rates of different 
equi-diffasive groups stood to one another Id some simple numerical 
relation, Mr. Graliam remarked that, "In liquid diffusion we no louger 
deal with chemical equivalents or the Daltonian atoms; but with masses 
even more simply related to each other by weight." We may suppose 
that the chemical atoms "group together in such numbers as to form 
new and larger molecules of equal weights for different substances, 
or • ' " of weights which appear to have a simple relation to each 
other ;" and lie inferred that the relative weights of these new molecules 
would be inversely as the square roots of the observed diffusion rates of 
the substances — that is inversely as the squares of their diffusion times. 
Thus the squares of the times of equal diffusion of hydrate, nitrate, mA 
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sulphate of potassiam being 3, 6, and 12, tbe densities of tbeir difTDsion 
molecules would be as tbe recii»rocals of these aumbers, or as 1, 2, and L 
Lastly, in comparing highly diffusive substances on tbe one hand, 
vitb feebly diffusive substauces on the other, one broad dissitnilaritj 
became appareut, namely, that highly diffusible substances affected the 
crystalline state, while feebly difliisive snbstances were amorphous, and 
characterized, in particular, by a capability of forming gelatinous 
hydrates. Hence the distinction established by Mr. Graham between 
highly diffusive bodies, or crystalloids, and feebly diffusive bodies, or 
colloids. Compounds capable of existing both in the crystalline and 
gelatinous states he found to be possessed of two distinct diffusive rates 
corresponding respectively each to each. 



XHalysis and osmose. — Tlie subject of dialysis was included in tbe paper 
"Ou liquid diffusion applied to analysis," referred t4) in the preceding 
sectioD; and some further results were communicated in 18Gi to the 
chemical society, in a paper "On the properties of silicic acid and other 
analogous colloidal substances." ' 

In tbe course of his experiments on diffusion, Mr. Graham made the 
curious discovery that highly diffusible crystalloid bodies were able to 
diffuse readily, not only into free water, but also into water that was 
already in alow form of combination, as in the substance of a soft solid, 
such as jelly or membrane. Common salt, for instance, was found to 
diffuse into a semi-solid mass of jelly almost as easily and as extensively 
as into a similar bulk of free water ; but the introduction of a gelatinous 
substance, though not interfering in any appi-ecinble degree with the 
diffusion of a crystalloid, was found to arrest almost entirely the diffu- 
sion of a colloid. The colloid, of but little tendency to diffuse into free 
water, proved quite incapable of diffusing into water that was already 
in a state of combination, however feeble. Hence, althongh the partial 
separation of a highly diffusible from a feebly diffusible substance might 
be effected by the process of tVee diffusion into water, a much better 
' result was obtained by allowing the diffusion to take place into, or 
through, the combined water of a soft solid such as a piece of membrane 
or parchment-paper. In the process of dialysis, then, crystalloid and 
colloid bmlies, existing in solution together, are separated from one 
another by pouring the mixed solution into a shallow tmy of membrane 
or parchment-paper, and letting the tray rest on the surface of a con- 
siderable excess of water, once or twice renewed. By this menus the 
crystalloid, in process of time, diffuses conii)IeteIy away through the 
membranous septum into the free water ; but the colloid, being quite 
incapable of permeating the membrane, howe\er thin, is retained com- 
pletely on the tray, unable to reach the free water on the other side. 
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By means of the process of dialyaifi, Mr. Graham sacceeded in obtain- 
ing varioQB colloid organic substances, sncb as tannin, albomen, gam, 
caramel, &c., in a very pure state ; some of them, iodeed, in a state of 
parity exceeding any in which they had before been met with. Bat the 
mo6t curioQS resnlts were obtained with different mineral sabstances, 
nsoally thrown down from their dissolved salts in tiie state of gelatin- 
ous or colloid precipitates. Most of theae precipitates being soluble in 
some or other crystalloid liquid, on sobmittiog the so-produced solutions 
to dialysis, the crystalloid constituents diffuse away,leaving the colloid 
substances in pure aqueous solutioo. By proceeding in this manner, 
Mr. Graham was able to obtain certain hydrated forma of silica, ferric 
oxide, alumina, chrome, prussian-blne, stannic acid, tifcanic acid, tungstic 
acid, molybdio acid, &c., &c., in the state of aqueous solution — these 
bodies ba\ing never before been obtained in solution, save in presence 
of strongly acid or alkaline compQuuda serving todissolve them. Alto- 
gether, the production of these colloid aolutions of substances, such as 
silica and alumina — in tJUeir crystalliue state, as quartz and corundum, 
completely insoluble— threw an entirely new light npou the conditions of 
aqueous solution. 

The colloidal solutions, obtained as above, of substances usually crys- 
talline, were found to be exceedingly unstable. Either spontaneously, 
or on the addition of some or other crystalloid reagent, even in very 
minute qnantity, they pectized or became converted into aolid jellies. 
Hence Mr. Graham was led to s^ieak of two colloidal states ; the peptous 
or dissolved, and the pectous or gelatinized. In addition to their power 
of gelatinizing, their matability, their non-trystaUine habit, and their 
low dilTusibility, substances in the colloid state were found to be further 
characterized by their chemical inertness and by their high combining 
weights. Thus the saturating power of coUoid allica was only about 
^ of that of the ordinary acid. 

In his supplementary paper communicated to the Chemical Society, 
llr. Graham showed how the pectous forms of different mineral colloids 
could, ID many cases, be reconverted into their peptous forms. He 
further showed how the water of different peptous and pectous colloids 
could be mechanically displaced by other liquids, as alcohol, glycerine, 
enlphnric acid, &c. To the different classes of compounds so formed, 
he gave distinctive names. Thus, the alcoholic eolution and jelly, of 
silicic acid for instance, be designated as the alcosol and alcogel re^>ect- 
ively. 

Closely associated with the passage of different liquids through mem- 
branes is the action known as endosmose, discovered by Dntrochet. 
Mr. Graham's principal results on this subject are recorded in a very 
elaborate paper "On osmotic foite," communicated to the Eoyal Society 
in 18D4 ; ' bat a few farther results and a statement of bis final views 
are contained in the paper, referred to immediately above, "On liquid 
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diffusioD applied to aoaljsis." W^en the solution of a B&line or ottier 
compound is separated fhim an adjacent mass of water by a membra- 
nons septum^ a great«r or less quantity of the water very commonly 
passes through the septnm into the solution ; and if the solatioa be con- 
tained in a vessel of snitable construction, having a broad membruDoos 
base and a narrow npright stem, the water, in some cases, flows into the 
vessel through the membrane, with a force sufficient to raise and sus- 
tain a colnmn of 20 inches or more of liquid in the stem. The problem 
is to account for this Sow ; which, with acid fluids more particularly, 
takes place in the reverse direction — i. e. from the solution into the 
water. 

In the course of his experiments Mr. Qrahain examined the osmotic 
movemeut prodaced with liquids of most diverse character, employing 
osmometers of animal membrane, albuminat^d calico, and hakfid earth- 
enware. Bis results were, moreover, observed and recorded in very 
great detail. As an illustration of these results, it may be mentioned 
that with 1 per cent solutions in the membranous osmometer, the liqnid 
rose in the stem 2 millimeters in the case of common salt, 20 millimeteis 
with chloride of calcium, 88 millimeters with chloride of nickel, 121 
millimeters with chloride of mercury, 289 millimeters with proto-chloride 
of tin, 351 millimeters with chloride of copper, and 540 millimeters with 
chloride of aluminum. Mr. Graham showed, farther, in opposition to 
the views of Datrochet, that the velocity of the osmotic flow was not 
proportional to the qnantit^y of salt or other substance originally con- 
taiued in the solution ; and that the flow did not depend on capillarity, 
as Dutrochet had inferred; or yet on difTnsion, as some of his own 
experiments might be thooght to indicate. Eventually he was led to 
the conclusion that osmose was essentially dependent on a chemical 
action taking place between one or other of the separated liquids and 
the material of the septnm. He appears to have held somewhat 
different views of the nature of this chemical action at different times, 
and not to have considered it as being in all cases of the same character. 

The following extracts, expressing his latest views on the subject, are 
taken ftom the conclusion of his paper " On liquid diffusion applied to 
analysis." 

" It now appears to me that the water movement in osmose is an affair 
of hydration and of de-hydration in the substance of the membrane, or 
other colloid septum, aud that the diffusion of the saline solution p]ace<l 
within the osmometer has little or nothing to do with the osmotic result 
otherwise than as it affects the state of hydration of the septnm. • • • 
Placed in pure wat«r, such colloids (as animal membrane) are hydrated 
to a higher degree than they are in neutral saline solutions. Hence the 
equilibrium of hydration is different on the two sides of the membrane 
of an osmometer. The outer surface of the membrane being in contact 
with pure water, tends to hydrate itself in a higher degree than the 
inner surface does, the latter surface being siipposetVto be in contact 

X.oo^rc 
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with a saliDS solation. When th« fall hydration of the oater surface 
extends throngh the thickness of the memhrano, and reaches the inner 
sarface, it there receives a check. The degree of hydration ia lowered, 
and the water mast be given up by the inner layer of the membrane, 
iand it forms the osmose. * ■ * Farfrompromoting this separation of 
water, the diffusion of the salt throughout the substance of the mem- 
brane appears to impede osmose by equalizing the condition as to saline 
matter of the membrane through its whole thickness. The advantage 
which colloidal solutions have in inducing osmose, appears to depend in 
part ui>on the low diffasibility of such solutions, aad their want of power . 
to penetrate the colloidal septnm." 

VI. 

Movements of Oases under pressure. Effusion and transpiration. — 
The mechanical law of the passage of different gases under the same 
pressure throngha mere perforation, asof the passage of different liquids, 
beiDg that the velocities are inversely as the square roots of the specific 
gravities, Mr. Graham subjected this law to an experimental verification, 
and made known his results in a paper communicated to the Royal 
Society in 1846. The mode of experimenting was as follows : A jar 
standing on the plate of an air-pamp was kept vacuous by continued 
exhaustion, and a measured quantity of gas allowed to find its way into 
the jar through a minute aperture in a thin metallic plate. The admis- 
sion of 60 cubic inches of dry air into the vacuous, or nearly vacnons 
jar, being arranged to take place in about 1,000 seconds, the times of 
passage of the same volume of air were found not to vary from each 
other by more than two or three seconds in successive experiments. 
Operating with different gases, the relative times of passage, or of "efifu- 
sion," as it was denominated by Mr. Graham, proved to be approxima- 
tively identical with the square roots of the specific gravities of the several 
gases ; or, in other words, their velocities of effusion were shown exper- 
imentally to be inversely as the square roots of their specific gravities. 
The rate of effusion of a mixed gas corresponded in most cases with the 
calculated mean rate of its constituents ; but the rates of effusion of the 
light gases, marsh gas and hydrogen, were very disproportionately re- 
tanled by the admixture with them, even to a small extent, of the heavier 
gases, oxygen and nitrogen. 

Passing from the study of the effusion of gases through a perforated 
plate, Mr.' Graham next submitted their " transpiration" through a 
capillar^' tube to a similarly conducted experimental inquiry. His re- 
sults were communicated to the Boyal Society in two very elaborate 
papers, " On the motion of gases," Parts I and II,* the first part con- 
taining also his above-described results on the effusion of gases. With 
a very short capillary, the relative rates of passage of different gases 
were fmmd to approximate to their relative rates of effusion ; but with 

• PhaosopbicBl TransactiouB, 1846, p. 573; 1649, p.349.ii ,CoO<^lc 
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every elongation of the capillcu'y, a constantly iacreaaing deviation from 
these rates was observed — the increase of the deviation, however, 
becoming lesa and less considerable with each snccessive increment 
of elongation, until, when the tube had ac<]uired a certain length in 
proportion to its diameter, a maximum deiiatJon of the relative rates of 
passage of the diiferent gases from their relative rates of effusion was 
arrived at. These ultimate rates of passage, nuaffected in relation to 
each other by further elongation of the capillar}', constitute the tme 
transpiration velocities of the different gases, as distinguished tcom their 
velocities of effasion. Of all the gases experimented on, oxygen was 
fonnd to have the longest transpiration time, or slowest transpiration 
velocity, lu the following table its time of transpiration is taken as 
unity, and the times of a few other gases comimred therewith. In other 
columns are given the specific gravities of the same gases, referred to 
the specific gravity of air as anity ; and the square roots of their specific 
gravities, which also express their relative times of effusion. 




That gas transpiration has no direct relation to gas specific gravity is 
shown by the transpiration times of oxygen and nitrogen exceedingtbe 
transpiration times both of the much lighter hydrogen and marsh gas, 
and of the mach heavier carbonic gAS. Again, ammonia, olefiant gas, 
and cyanogen, with the different ai)ecific gravities .590, .078, and 1.806 
respectively, have the almost identical transpiration times .511, .505, 
and .506 ; or, approximatively, half the transpiration time of oxygen, 
1.000. Xevertheless the transpiration times of oxygen nud nitrogen are 
directly as their specific gravities ; and further, the specific gravities of 
nitrogen, carbonic oxide, and nitric oxide being .971, .068, and 1.Q30, 
their transpiration times are .877, .874, and .870 respectively. But then 
olefiant gas, with the same specific gravity .078, has the mach shorter 
transpiration time .505 ; and similarly in other cases. Altogether the 
discordance between transpiration and specific gravity is of greater fre- 
(]uency than the accordance ; bnt still the circumstance of gases having 
the same, or about the same, specific gravity, ha\'ing also the same, or 
abont the same, rate of transpiration, is of too frequent occurrence to 
be merely accidental. 

As a rule, the observed transpiration rate of a mixture of gases cor- 
responded with the calculated mean rate of its constituents; but the 
transpiration rates of the light gases, hydrogen and marsh gas, were 
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fonnd to be diBproportionately retarded to a greater extent even than 
tbeir effasion ratea by the admixture with tbem of heavier gases. Fur- 
ther, by employing mixtares of gas aod vapor, Mr. Graham extended 
his iuquiry so as to inclade a determinatioD of the transpiratioa times 
of several vapors; the results being calculated oa the assamption 
that the observed transpiration time of the mixture was the mean of 
the transpiration times of the permanent gas and of the coercible vapor 
experimented on. In this way the transpiration time of etber vapor, 
sp. gr. 2.5S6, was shown to be identical with that of hydrogen gas, sp. 
gr. 0.069 ; and the transpiration time of carbonic solphide vapor, sp. gr. 
3.645, identical with that of sulphoreted hydrogen gas, sp. gr. 1.191. 

With respect to gas transpiration in general, the rates of transpira- 
tion of different gases were found to be independent of the nature of 
the material of the capillary; apparently from the capillary, of what 
material soever, becoming lined with a film of gas, with which alone the 
current of gas conld come in contact ; so that the friction was purely 
intestine, and suggestive of a sort of viecosity in the gas itself. The 
rate of passage was fnrtber shown to be inversely as the length of the 
capillary ; and directly, in some high but undetermined ratio, as its di- 
ameter. Lastly, the rate of "effnaion" of a given volnme of any par- 
ticular gas being independent of pressure and temperature, the rate of 
transpiration of a given volume of any particalar gaa was observed to 
vary directly with its variation of density, whether the result of altera- 
tion of pressure or of temperature ; 100 cubic inches of dense air, for 
example, transpiring more rapidly than 100 cnbic inches of tenuous air, 
in proportion to the excess of density. 

Speaking of the importance and fundamental nature of the physical 
properties manifested by bodies in the gaseous state, and of the extent 
of his own inqairies on gas-transpiration, Mr. Graham observed : " It 
was under this impression that I devoted an amonnt of time and atten- 
tion to that class of constants (transpiration-velocities) which might 
otherwise appear disproportionate to their value and the importance 
of tbe subject. As the results, too, were entirely novel, and wholly un- 
provided for in the received view of the gaseous constitution, of which 
indeed they prove the incompleteness, it was the more necessary to 
Verify each fact with the greatest care." 

VII. 

Diffusion of gases. — In 1801, Dalton, in an essay "On the constitu- 
tion of mixed gases, and particularly of the atmosphere," propounded 
the now celebrated view that " where two elastic fluids denoted by A 
and B are mixed together, there is no mutual repulsion.among their par- 
ticles ; that is, the particles of A do not repel those of B, as they do one 
HJiother; consequently the pressure or whole weight upon any one par- 
ticle arises solely from those of its own kind." During the act of ad- 
mixture, " the particles of A meeting with no repulsion from those of 
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B . . . . 700111 iDBtaDtaneoasly recede from each other as far as possible 
onder the circamstajoces, and consequent!; arrange themselves jnst as in 
a void space." At the beginning of 1803', in a supplementaiy paper 
"On the tendency of elastic dnids to diffasion throagh each other," he 
made known the remarkable action of intenoixtnie which takes place, 
even in opposition to the influence of gravity, when any two gases are 
allowed to comnuinicate with each other. Thus, in a particalar esperi- 
ment, he showed that when a vial of hydrogen is connected with a rial 
of carbonic gas by means of a narrow piece of tubing, so that the vial 
of light hydrogen may be inverted over the other vial of heavy carbonic 
gas, the heavy carbonic gas actaally ascends through the light hydro- 
gen, and the light hydrogen descends tbrougb tfae heavy carbonic gaa 
nntil tbe uniform admixture of the two gases with each other is effected. 
The snbject was afterward investigated by Bertbelot, who, in a series of 
experiments performed with great care, while opposing Daltoo's theo- 
retical conclusions, corroborated his results, and indicated farther tbe 
bigb diffusiveness of hydrogen. Here it was that Mr. Graham took up 
the inquiry. The first of bis papers relating directly to tbe subject 
of gas-diffusion appeared in the "Quarterly Joamal of Science" for 
182d, under the title, "A short account of experimental researches 
on the diffusion of gases throagh each other, and their separation by 
mechanical means."* Tbe mode of proceeding adopted in these re- 
searches was a^ follows: Each gas experimented on was allowed to 
diffuse from a horizontally placed bottle throagh a narrow tube, 
directed either upward or downward according as tbe gas was heavier, 
or lighter than air, so that the diffusion always had to take place in 
oppo»tion to the influence of gravity. Tbe result was that equal 
volumes of different gases escaped in very unequal times, the rapidity 
of the escape having an inverse relation to tbe specific gravity of the 
gas. Thus hydrogen was found to escape four or five times more 
quickly than the twenty-two times heavier carbonic gas. Again, with 
a mixture of two gases, tbe lightest or most difibsible of the two was 
found to leave the bottle in largest proportion, so that a sort of mechani- 
cal separation of gases conld be effected by means of their unequal 
diflusibility. Jtost of these last results were obtained by allowing tbe 
gaseous mixture to diffuse into a limited atmosphere of some other 
gas or vapor, capable of subsequent removal by absorption or condensa- 
tion. 

But these methods of operating, by free or adiaphragmatic diffusion, 
were soon abandoned by ilr. Graham for the more practicable method 
of diffusion through porous septa. Once again, however, many years 
afterward, in a paper " On the molecular mobility of gases," to be more 
fully considered presently, Mr. Graham made some additional and very 
carious observations on the free diffusion of hydrogen and carbonic 
gas into surrounding air, showing the absolute velocities of the niolecu- 

• Quiirt«rly Journal of Science, ii, 1629, p. 83. >q\q 
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lar moTemeats in each of tlie two cases. A glass cylinder, .57 meter 
Ugh, bad the lowest tenth of its height filled with carbouio gas. Tbeu, 
after different intervals of time, tbe np]>ermo8t tenth of air in the 
cylinder was drawn off and examined. In fire minntes the carbonic 
gas in tbis npper tenth of air amoanted to .04, and in seven minutes 
to 1.02 per cent. ; or 1 per cent, of carbonic gas had diffused to the 
distance of half a meter in seven minntes, being at the rate of 73 mil- 
timeters per minnte. Kov, the conditions of this movement always 
prevail in the air of the atmosphere, and, naing the words of Mr. Graham, 
" it is certainly most remarkable that in perfeetl; still air its molecules 
sboald spontaneously alter their position, and move to a distance of 
half a meter in any direction in the course of five or six minates." 
By similar experiments made with an inverted cylinder, 1 per cent, of 
hydrogen was foand to difiuse downward at the rate of 350 millimeters 
per minnte, or about five times as rapidly as the carbonic gas diffused 
NDpward. 

With regard to Mr. Graham's experiments on the diffusion of gases 
throngh porous septa, his earliest resalts on this subject were communi- 
cated to the Boyal Society of Edinburgh, in a paper " On the law of 
the diffusion of gases," already referred to as the first-born of what may 
beconsidered his great papers.* Prior even to Dalton's above-mentioned 
expenments on free diffusion, Dr. Priestly, when transmitting different 
gases throngh stoneware tubes surrounded by burning fuel, perceived 
that tbe tabes were porous ; and that not only was there an escape of 
tbe gas, under pressure, from within the tube outward to the fire, but 
that there vas also a penetration of the exterior gases of the fire into 
the tube, notwithstanding the superior pressure of the current of gas 
passing through the tube. 

Mr. Graham, however, appears to have had bis attention originally 
directed to the stody of tbe transmission of gases through porous 
diaphragms by the curious observations and experiments of Dobereiner, 
who, having occasion to collect and store some quantities of hydrogen 
over water, accidentally made use of a fissured jar, and was surprised 
to find that the water of the pneumatic trough rose in this jar to the 
height of an inch and a half in twelve hours, and to not far short of 
three iucbes in twenty-four hours. Having assured himself of the 
constancy of the phenomenon, Diibereiner attributed it to capillary 
action, conceiving hydrogen to be alone attractable by, and, on account 
of the assumed minuteness of its atoms, admissible through the fissure. 
Id repeating Dtibereiner's experiments, however, Mr. Graham soon 
observed that the escape of hydrogen outward was always accompanied 
by a penetration of air inward, the volume of air finding an entrance 
through the fissure amounting to about one-fourth of the volume of 
hydrogen making its escape ; or the flssare proved permeable to the 
grosser air as well as to the finer hydrogen. Having arrived at this 

* Edioliargh Boyal Socict; TraaBoctioDB, sii, 1B34, p. 323. -. , 
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point, be replaced the fissured jar by an instrament admitting of 
mnch greater experimental precision. For the jar itself he sabstitoted 
a piece of glaaa tnbe about half an inch in diameter, and from eight to 
foarteen inches long, and for th» fissure in the jar he substituted a 
plate of stucco serviug to close one end of the tube. Operating with a 
diSbsion-tube of this kind stancliDg in ajar of water, it was foond, as 
in Dalton's experiments, that the two gases, say external air and internal 
hydrogen, exhibited a powerful tendency to intermix or change places 
with each other ; but more than this, it was found that the air did not 
exchange with its own volume of faydroeen, bot instead with 3.8 times 
its volume. Using the word diffusion-volume to express the balks of 
different gases exchanging thos with one another by the process of 
dif^ision, the diffosion-volume of hydrogen would be 3.8, that of air being 
taken as 1. Similarly, it was ascertained that every gas has a diffomon- 
volume which is peculiar to itself, and is indeed inversely as the square 
root of its specific gravity ; and since the unequal diffusion volumes of 
different gases are consequences of their unequal diffosion velocities, it 
follows that the relative velocities at which different gases diffnse into 
one another, by virtue of their own inherent mobOity, are identical with 
those at which they effaso under pressnre into a vacnnm — a result quite 
in accordance with, and indeed deducible&om,Dalton's aphorism. But 
although the relative rates of elusion and diffosion are alike, it is 
important, Tfrote Mr. Graham, in the later paper already qnotod from, 
" to observe that the phenomena of effusion and diffusion are distinct 
and essentially different in their nature. The effusion movement affects 
masses of gas, the diffusion movement affects molecnles ; and a gas is 
nsoally carried by the former kind of impulse with a velocity many 
thousand times as great as is demonstrated by the latter."* 

Thus the result arrived at by Mr. Graham, in bis original paper, was 
the ennnciatioQ of the now well-recognized law of the diffusion of gases; 
but some thirty years afterward, he again subjected the phenomena of 
gas-diffusion to an elaborate experimental investigation — going over the 
old and penetrating into new ground with an activity by no means Im- 
paired, and with intellectual powers largely expanded by increase of 
years. His results were commnnicated to the Koyal Society of London, 
in a paper " On the molecular mobility of gases,** f and it is impossible 
to read this and his original paper " On the law of the diffusion of 
gases " together, without being struck by the great advance in philo- 
sophic grasp and breadth of view which had become developed in the long 
interval between the publication of the two memoirs. These later ex- 
periments on gas-diffusion were made principally with septa of com- 
pressed graphite ; and it will be well to preface their consideration by 
Mr. Graham's own introductory remarks. lie observes : 

* The motiona of offaaiOD niider presBure, and of apontaneonH diffusion, nonld appear 
to be alike traceable to tbe elaaticitf of the gas itself, exerted under the couditioDt to 
which it is exposed at the time. ( i MMjIi' 
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"The porea of artificial graphite appear to be really so minnte thuta 
gas in mass cannot penetrate the plate at all. It seems that molecnles 
only can pass ; aud the; may be supposed to pass vbolly unimpeded by 
fhetioD, for the smallest porea that can be imagined to exist in graphite 
mast be tnnnels in magnitude to the nltimate atoms of a gaseous body. 
The sole motive agency appears to be that intestine movement of 
molecnles which is now generally recognized as an essential property of 
the gaseons condition of matter. 

" According to the physical hypothesis now generally received, a gas 
is represented as consisting of solid and perfectly elastic spherical par- 
ticles or atoms, which move in all directions, and are animated with dif- 
ferent degrees of velocity in difTeient gases. Confined in a vessel, the 
moving particles are constantly impingingagainst its sides and occasion- 
ally against each other, and this contact tabes place without any Joss of 
motion, owing to the perfect elasticity of the particles. If the contain- 
ing vessel be porons, like a diflUsiometer, then gas is projected through 
the open channels, by the atomic motion described, and escapes. Simul- 
taneonsly the external air is carried inward in the same manner, and 
takes the place of the gaa which leaves the vessel. To this atomic or 
molecular movement is doe the elastic force, with the power to resist 
compression, possessed by gases. The molecular movement is accelera- 
ted by heat and retarded by cold, the tension -of the gas being 
increased in the first instance and diminished in tfae second. Even 
when tfae same gas is present both within and without the vessel, or is 
in contact with both sides of oar porons plate, the movement is sustained 
withont abatement — molecules continuing to enter and leave the vessel 
in eqaal Dumber, although nothing of the kind is indicated by change 
of volume or otherwise. If the gases in commnnication be different, bnt 
possess sensibly the same specific gravity and mtriecolar velocity, as 
nitrogen and carbonic oxide do, an interchange of molecules also takes 
place withont any change in volume. With gases opposed of unequal 
density and molecular velocity, the permeation ceases of course to be 
equal in both directions." 

One set of novel experiments recorded in the later paper, Aram which 
the above remarks are extracted, had reference to the diffusion of single 
gases through porous septa, into a vacuous or partially vacuous space. 
The diffusion-tube was substantially tfae sameas that formerly employed, 
except in tfae circumstance of its being closed by a plato of compressed 
graphite instead of by stucco, and in the further circumstauoe of the 
tube itself being in some cases so Car lengthened and otberwisemodified 
as to admit of the production within it of a barometric vacuum of com- 
paratively large dimensions. The mode of experimenting was as fol- 
lows : The short tubes, when employed, were filled with mercury, and 
inverted in a mercurial trough. Then, by means of a very simple 
arrangement, the gas under examination was allowed to sweep over the 
surface of, and difiase through, the graphite plate, so as to depress the 
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mercur; witbin tbe tube until it stood at a height of 100 millimetere 
only — that is, until the external pressure exceeded the internal pressure 
by 100 millimeters only. Matters being in this state, the experiment 
consisted in observing the number of seconds required for the admission 
through the graphite septam, into the graduated tube, of a gireo 
volume of gas — the mercury in the tube being kept tbroaghont at the 
constant height of 100 millimeters, by a gradual lifting np of the tube, 
effected by a mecbauical arrangement originally devised and employed 
by Professor Bansen. The long tubes were filled with mercury iu a dif- 
ferent manner; but the conduct of the experimeota made with them 
differed only &om that of the exx>eriment3 made with tbe short tubes, in 
that the level of mercury in tbe long tubes was maintained throughoQt 
at or near to the barometric height, so tbat^the external gas diffused 
into tbe tube nnder full atmospheric pressure. Experimenting in this 
Tay, the relative times of permeation of equal volumes of different 
gases were fonud to be almost identical with tbe square roots of the 
specific gravities of the respective gases, as shown in the following 
table : 



TimMof eqnsl 
diffusioD. 



Dare roots of 
speoifio gTAV i tle& 



.9501 

1.1660 
.2505 



These results are of great value from the simplicity and constancy of 
the conditions nnder which they were obtained, and from their close ac- 
cordance with the induced law. By allowing tbe diffusion to take place 
into a complete or partial vacuum, instead of into an atmosphere of 
other gas, tbe results were not complicated with those of interdiS^sion; 
and by employing a thin plate of highly compressed graphite, instead 
of a comparatively thick plug of more porous stneco, tbe results were 
not complicated with those of transpiration, as happened in some other- 
wise admirable expenmenbs of Professor Bunsen, which led that dis- 
tinguished iuvestigator to question at one time the accuracy of Mr. Gra- 
ham's law. 

The absence of any transpiration of gas through the graphite wafer 
was made evident by the want of any approximation, in the rates of 
passage, to the characteristic rates of transpiration ; and was conse- 
quent on the impermeability of the exceedingly minute pores of the 
graphite to any enforced bodily transmission of gas through them. It 
may be as well to state this conclusion in Mr. Graham's own words : 

"The movement of gases through the graphite plate appears to be 
solely due to their own proper molecnlar motion, quite unaided by trans- 
puation. It seems to be the simplest possible exhibition of the mole- 

L.ooi^rc 



PBOFESSOS THOMAS GBAHAm's SCIENTIFIC WOEK. 203 

colar or diffasive movement of gases. This pure result ia to be ascribed 
to tiie 'woDderfnlly fine (miuote) por<)sity of tbe graphite. The intersti- 
tial spaces appear to be sufSciently small to extiogaish capillary trans- 
piratioD entirely. Tbe graphite plate ia a pDeamatio sieve which stops 
all gaseons matter iu mass, and permits molecnles only to pass." 

By similarly condncted experiments, a determination was also made 
^ the difference of rate, if any, at which hydrogen diffases through a 
graphite plate into a vacaam and into atmospheric air. Thus, in one 
minate of time, the following quantities of hydrogen passed throngh 
the graphite plate, in the two cases respectively : 

1.369 cubic ccDtimetera iDto a vaciiDm. 
1.343 culiic ceutimetere into air. 
These nanibers indicate a close approach to equality in the velocities of 
passage into a vacuum and into a space of other gas — a yet closer equal- 
ity being probably attainable by a modified form of experimenting. 

Tbe diffusion of hydrogen into air, as in the above-referred-to experi- 
ment, is of course accompanied by a diffusion of air into hydrogen, 
which had to be allowed for in calculating out the above result. More- 
over, Mr. Graham made a special repetition of his early experimentsou 
interdiffusiou, operating xrith dry instead of moist gas, substituting 
mercury for water iu the diffusion-tube, maintaining a coustant pressure 
by Bunseu's mechauism instead of by a pitcher of water, and using a 
wafer of graphite instead of a plug of stucco as the porous diaphragm. 
The theoretical exchange of hydrogen for air being 3.8 volumes for 1, 
and that of hydrogen for oxygen being 4.0 volumes for one, the ex- 
changing volumes actually found were 3.876 and 1.124 respectively. 

Beferring to tbe approximatively equally rapid passage of hydrogen 
into a vacnons and aerial space, Mr. Graham remarks as follows on the 
subject of interdiS^sion : 

" In fine, there can be little doubt left on tbe mind that tbe permea- 
tion through tbe graphite plate into a vacuum, and the diffusion into a 
gaseous atmosphere, through the same plate, are due to the same inher- 
ent mobility of the gaseous molecule. They are the exhibition of this 
movement iu different circumstances. Jn interdiffusiou we have two 
gasesmoved simultaneously through the passages in opposite directions, 
each gas under the iufluence of its own inherent force; while with gas 
on one side of the plate, and a vacuum on the other side, we have a sin- 
gle gas moving iu one direction only. The latter case may be assimi- 
lated to the former if the vacuum be supposed to represent an infinitely 
light gaa. It will not Involve any error, therefore, to speak of both 
movements as gaseous diffusion — the diffusion of gas into gas (double 
diffusion) in tbe one case, and tbe diffusion of gas into a vacuum (single 
diffusion) in the other. The inherent molecular mobility may also be 
justly spoken of as tbe diffusibility or diffusive force of gases. 

" The diffusive mobility of the gaseous molecule is a property of mat- 
tet, fundamental in its nature, and tbe source of man^ others^ _^^^nte 
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of diSbsibility of aoy gas bas been said to be related by its specific 
gravity, tbe velocity of diffosion baVing been observed to vary inversely 
as the sqnare root of tbe density of the gas. This is true, bat not in 
the sense of the diffusibility being determined or caused by speciflo grftv- 
ity. The physical basis is the molecular mobility. The degree of mo- 
tion which the molecnle possesses regnlates tbe volume which the gas 
assumes, and is obvioasly one, if not the only, detennioing cause of the 
pecalior specific gravity which the gas enjoys. If it were possible to 
iucsease in a permanent manner the molecular motion of gas, its specific 
gravity wonld be altered, and it would become a lighter gas. Witli the 
density is also associated tbe equivalent weight of a gaseous element, 
according to the doctrine of eqnal combiniug volumes.'' 

In addition to tbe above two sets of experiments, on the diffhsioQ of 
a single gas into a vacuum and on the diffusion of one gas into another, 
a third set of experiments was made on the difi'usion of one gas avaj 
from another ; or on the partial separation of mixed gases by the pro- 
cess of atmolysis. The experiments on this subject were ooudacted in 
several different ways, but the most striking results were obtained with 
what Mr. Graham named bis tnbe atmolyser. This instmment consists 
of one or more lengths of ordinary tobacco-pipe, (conveying tbe current 
of mixed gas,) snrronnded by a ^ass tnbe maintained in a more or less 
vacnoos state by exhaustion with an air-pnmp. The most diffusible 
constituent of the mixed gas passing away in largest proportion 
through the porous material of the tobacco-pipe, the least diffusible con- 
stitaent becomes concentrated in the residue of gas XKtssing along, and 
finally delivered by the pipe. By this simple contrivance tbe proportion 
of oxygen in ordinary air, transmitted by the tobacco-pipe, was increased 
from below 21 up to 2 j.5 per cent., as a result of the small superior diffii- 
sive velocity of nitrogen 1.01, over that of oxygen 0.95. 

In sxperiments made with the far more nuequally diffusive gases 
oxygen and hydrogen, mixed in equal volnmes, the proportion of oxy- 
gen transmitted by the tobacco-pipe was increased from tbe original 50 
per cent, to 90, and even in some cases, to 95 per cent. Electrolytic gas, 
oonsisting of 33.3 per cent, oxygen and 66.6 per cent, hydrogen, was 
slowly transmitted through a single tobacco-pipe, in some experiments 
inclosed in a vacuum, in others ext)08ed to the air. In the vacuum ex- 
periments the transmitted gas was found to consist of 90.7 per ceot^ 
oxygen and 9.3 per cent, hydrogen. In the air experiments, the trans- 
mitted gas was found to cousist of 10.4 per cent, oxygen, 5.5 per cent, 
hydrogen, and 51.1 per cent air. In bol^ cases it had tost its explosive 
character, and acquired the property of re-inflaming a glowing splinter. 

This paper of Mr. Graham's "On the molecular mobility of gases" was 
supplemented by a commnnioation made to the Chemical Society in 18M, 
entitled "Speculative ideas respecting the constitution of matter,"* 
itam which the following extracts are taken : 
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"It is conceivable that tbe varioas kinds of matter, now recognized as 
diiferent elementary sabstauces, may possess one and tbe same ultimate 
or atomic molecule existing in different conditions of movement. The 
essential nnity of matter is a hypothesis in harmony with the eqnal 
action of gravity upon all bodies. We know tbe anxiety with which 
this point was iovestigated by Newton, and the caie he took to ascer- 
tain that every kind of substance, 'metals, stones, woods, grain, salts, 
animal sabstanees,' &c, are similarly accelerated in falling, and are there- 
fore equally heavy. 

" In the condition of gas, matter is deprived of numerous and varying 
properties, with which it appears invested when in the form of a liquid 
or solid. The gas exhibits only a few grand and simple features. These 
again may all be dependent upon atomic or molecular mobility. Let us 
imagine one kind of substance only to exist — ponderable matter; and 
farther, that matter is divisible into ultimate atoms, uniform in size and 
weight. We shall then have one substanceand acommouatom. With 
the*atom at rest the uniformity of matter would be perfect. But the 
atom possesses always more or less motion, dne, it mast be assumed, to 
a primordial impulse. This motion gives rise to volnme. Tbe more 
rapid the movement the greater the space occupied by the atom, some- 
what as the orbit of a planet widens with the degree of pngectile Telo- 
city. Matter is thns made to ditTer only in being lighter or denser 
matter. Tbe specific motion of an atom being inalienable, light matter 
is no longer cmvertible into heavy matter. In short, matter o£ different 
density forms different substances— different inconvertible elements, as 
they have been considered. 

" But further, these more and less mobile, or light and heavy forms 
of matter, have a singular relation connected with equality of volume. 
Equal volumes of two of them can coalesce together, unite their move- 
ment, and form a new atomic group, retaining the whole, the half, or 
some simple proportion of the original movement and conseqaent 
volume. This is chemical combination. It is directly an affair of 
volume, and only indirectly connected with weight. Combiuing weights 
are different, because the deusities, atomic and molecular, are different. 
Tbe volnme of combination is uniform, but the Quids measured vary in 
density. This fixed combining measure— the metron of simple sub- 
stances — weighs 1 for hydrogen, IC for oxygen, and so on with the other 
'elements.' 

"To the preceding statements respecting atomic and molecular mo- 
bility, it remains to be added that tbe hypothesis admits of another 
expression. As in the theory of light we have the alternative hypoth- 
eses of emission and undulation, so in molecular mobility the motion 
may be assnmed to reside either in separate atoms and molecules, or in 
a fluid medium caused to undulate. A special rate of vibration or pulsa- 
tion originally imparted to a portion of the daid medium enlivens that 
portion of matter with an individual existence, and constitutes it ft |i|iB- 
tinct substance or element. 
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"Iiastly, molecalar or diffuHiTe mobility lias an obviotis bearing upon 
tbe cominaDication of heat to gaaes by contact witli liqaid or solid sur- 
faces. The impact of the gaseous molecnle upon a sarface possessing a 
different temperature appears to be the condition for the transference of 
beat, or the heat movement, fitom one to tbe other. The more rapid the 
molecular morement of the gas, the more Ireqaent tbe contact with con- 
seqaent communication of heat. Hence, probably, the great cooling 
potrer of hydrogen gas as compared with air or oxygen, Tbe gaees 
named have the same specific heat for equal volames, but a hot object 
placed in hydrogen is really touched 3.8 times more frequently than it 
would be if placed in air, and i times more frequently than it woald be 
if placed in an atmosphere of oxygen gas. Dalton had already ascribed 
this peculiarity of hydrogen to tbe high 'mobility' of that gas. The 
same molecular property of hydrogen recommends the application of 
Chat gas in the air-engine, where the object is to alternately heat and 
cool a confined volume of gas with rapidity." 

VIII. 

Passage of gases through colhid s^ta,— la 1830, Dr. Mitchell, of Phila- 
delphia, discovered a power in gases to penetrate thin sheet liidia 
rubber; and, noticing the comparatively rapid transmission of carbonic 
gas through the rubber, associated this observation with tbe farther one 
that a solid piece of India rubber is capable of absorbing its own volume 
of carbonic gas, when left in contact with excess of the gas for a snflB- 
cient length of time. By means of a suitable arrangement. Dr. Mitchell 
found that various gases passed spontaneously through a caontchonc 
membrane into an atmosphere of ordinary air with different degrees of 
velocity-'that as much of ammonia gas was transmitted in 1 minute as 
of carbonic gas in 5^ minutes, as of hydrogen in 37J minutes, and as of 
oxygen in 113 minntes. Soon after their publication, these results were 
ably commented on and extended by Dr. Draper, of New York ; and, 
altegetlier, tbey attracted considerable attention in scientific circles. 
One of 5It. Graham^fi earliest observations — having reference to the 
spantiineous passage of carbonic gas into a moist bladder of air, so as 
ultimately to burst tbe bladder — had obviously a very close connection 
with Dr. Mitchell's results, and received from Mr, Graham in 1829 the 
.same explanation that in 1860 he gave to his own India rubber experi- 
meuts, the account of which lie communicated to tbe Boyal Society in a 
paper "On tbe absorption and dialytic separation of gases by coUoid 
septa." * In his experiments on the penetration of different gases, 
through septa of India rubber, into a vacuum, Mr. Graham employed 
a tube considerably exceeding in length the barometric colamn, open at 
one end and closed at the other by a thin film of caoutchouc stretched 
over a plate of highly porous stucco. On filling this tube with merctiry, 

* Pbiloeopbical TrauBactions, 186i>, p. 399. , ~ r 
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and inverting it into a cup of mercury, a Torricellian vacuum was left 
at the top, into which the external air, or any external gas experimented 
00, gradaall; found its'way by passage through the caoutchouc film, so 
as to cause a depression of the mercurial column. By experimentBmade 
in this manner, it was found that different gases penetrated the rubber, 
and entered the Tacnons space with the following relative velocities, 
(lifTering widely from the velocities of dilfusioo and transpiratiou of the 
same gases given in the other two columns of the table: 



Nitrogen 

Mareb gas — 
Oiygen...... 

Hydrogen.-.. 
CarboDio gaa. 



1.00 
2.15 
2.55 
5.50 
13.58 



Bearing iu mind the partial separation of gases from one another at- 
tainable by reason of their nnequal diffusive velocities, the possibOity 
of effecting a similar separation of gases by reason of their unequal 
velocities of transmission through India rubber was easily to be fore- 
seen. For example, atmospheric air consisting of 20.8 volumes of oxy- 
gen and 79.2 volumes of nitrogen, and the transmission velocities of 
these two gases being respectively 2.55 and 1.0, it follows that the air 
transmitted throagb India rubber into a vacuum should consist of 40 
percent, oxygen and 60 percent, nitrogen, thus: 



Oxygon 20.8 X 

Nitrogen t 79.2 x 



J.55= 53.04"! f A 
1.0 = 79.20 LrJ i 

132JUi UC 



In subjecting this conclusion to the test of experiment, Mr. Graham 
availed himself of Dr. Sprengel's then newly invented mercurial pump 
or exhauster, an instrument which also stood him in good stead in his 
subsequent work, and to which he freely acknowledged his obliga- 
tions. By a slight altoration in the pump, as originally constructed, 
Air. Graham made it serve not only for its original purpose of creating 
and maintaining an almost perfect vacuum, but also for deliveriog pari 
passu any gas penetrating into the vacuum through its caoutchouc or 
odter walls. 

The caoutchouc films employed in these experiments were of various 
binds ; but the most readily practicable and, on the whole, successful 
results, were obtained with India-rubber varnished silk made up into a 
flat bag, exposing on each side about 0.25 meter of square surface. 
The interior of such a bag beiug in communication with the Sprengel 
pump, the constituents of the external air were gradually sucked 
through the walls of the bag and delivered by the turnedup. fall-tube of 
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tbe pump. Od exatDining the delivered gas, it was fonnd to contain oa 
the average 41.6 per ceot. of oxygen ; and aocordioglj, to hare the prop- 
erty of re-inflaming a glowiog splinter. Thns, by the simple saction of 
atmospheric air through a caoatcboac film, the remarkaUe result was 
arrived at of nearly donbling tbe proportion of oxygen in the volume 
of air sncked through. Unfortunately for the practical application of 
the process, the entire volame of air sucked through proved to be veiy 
small, about 2.25 cubic centimeters per minute, per square meter of boe- 
face, at 2(P 0. At G0° C, however,- tbe passage of air through the rub- 
ber was almost exactly three times as rapid aa at 20'^. 

Instead of allowing tbe gases experimented on to pass through the 
India rubber into a vacuous space, tbey were in some cases allowed to 
pass into space already occupied with a different gas, somewhat as in 
Dr. Mitchell's original experiments; but the conditions of the action 
were then more complex. The constituent gases of atmospheric air, for 
instance, pass through an India-robber septum into a space containing 
carbonic gas at the relative velocities with which they enter a vacnoas 
space ; but throughout the experiment, not only are oxygen and nitro- 
gen continually entering tbe space, but carbonic gas is continually, and 
very rapidly, escaping £rom it. Eventually, by the rapid escape cmT car- 
bonic gas, tbe proportion or pressure of oxygen in the intern^ space 
comes to exceed that in the external air; whereupon a reverse trans- 
mission, through the India rubber, of the excess of oxygen into the ex- 
ternal air, at once begins. But by stepping the operation at an early 
stage, and then absorbing the carbonic gas with caustic alkali, a residue 
of byperoxygenized air was left, capable, in some cases, of re-inflaming 
a glowing splinter, and containing as much as 37.1 volumes of oxygen 
to 62.9 volumes of nitrogen. . 

The interpretation given by their discoverer to tbe above results 
was in accordance with his slowly-developed views on the relations o( 
gases and liquids to each other and to soft solids. Having satined 
himself that the merest film of India rubber is quite devoid of porosity, 
and that oxygeu is at least twice as absorbable by lodia rubber as by 
water at ordinary temperature, (the absorbability of its own volume of 
carbonic gas by India rubber, as by water, having been noticed by Dr. 
Mitchell,) Mr. Graham came to view the entire phenomenon as having 
a very complex character, as consisting in a dissolution of tbe gas in 
the soft India rubber ; in a diffusion of the liquefied gas, as a liquid, 
through the thickness of the India rubber ; in an evaporation of tbe 
liquefied gas from the internal surface of tbe India rubber; and lastly 
iu a difltision of tbe evaporated gas into tbe internal space. Thus, in 
reference to tbe remarks of Drs. Mitchell and Draper, he writes : 
" These early speculations lose ninch of their fitness from not taking 
into account the two considerations already alluded to, which appear 
to be essential to the full comprehension of tbe phenomenon, namely, 
that gases nodergo liquefaction when absorbed by, liqnidsi and such 
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colloid substances as ludia rubber, and that their transmission through 
liquid aod colloid septa is then effected by the ageticy of liquid aud 
Dot gaseous dtffusiou. Indeed, the complete suspension of the g^eous 
function duriug the transit through colloid membraue cannot be kept 
too much iu view," Mr. Qraham seems thns to have recognized at 
least three distinct modes of gas transmission through a solid or semi- 
solid septum : 

Ist. By a sufflcieut degree of pressure gases might be forced bodily, 
i. e. in masses, through the minute channels of a porous septum ; or, in 
other words, might paas through such a septum by tratispiration, of 
course in the direction only of the preponderating total pressure. 

2d. As the ctiaunels of a porous septum became more and more 
minute, their resistance to the bodily transmission of gas would be- 
come greater aud greater, and the quantity of gas forced through them 
less and less, until at length the septum would be absolutely im- 
permeable to transpiration under the particular pressure. But sm;U 
a septum, of which the individual capillary channels were so small 
as to offer a frictional resistance to the passage of gas greater than 
the available pressure could overcome, might nevertheless present a 
considerable aggregate of interspace through which the diffusion proper 
of gases, consequent on their innate molecular mobility, could take 
place freely iu both directions. 

3d. A septum might be quite free from pores, of any kind or degree 
of minuteness, and so far be absolutely impermeable to the transmis- 
^on of gas in the form of gas ; but it might nevertheless permit a 
considerable transmission of certain, gases by reason of their prior 
solution or liquefaction in the substance of the septum. And whereas 
the mere passage of gas, by transpiration or diffusion through a porous 
septum, would take place in thorough independence of the nature of the 
material of the septum, in this last-considered action, the transmission, 
would take place by virtue of a sort of chemical afQuity between the gas 
and the material of the septum — the selective absorption of the gas by 
the septum being a necessary antecedent of its transmission; whence 
it might be said, the gas was transmitted because it was first absorbed. 
Of course in certaiu transmissions two, or all three, modes of actioa 
might come into play simultaneously. 

IS. 

Ocetmion of gases by metals. — The experiments of Deville and Troost 
having made known the curious fact of the permeability of ignited 
homogeneous })latiuum and ignited homogeneous iron to hydrogen gas,. 
and given sopae indication also of the permeability of ignited iron to 
carbonic oxide gas, Mr. Graham, in 1866, corroborated the results of 
the French chemists in reference to platinum ; but, modifying their 
method by letting the hydrogen pass into a space kept vacuous by the 
Spreogel pnmp, instead of into an atmosphere of other gas, assimilated. 
14 a 71 
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the process to that which he had employed in his India-rubber experi- 
ments. The resalts he obtained were comma nicated to the Boyal 
Society, partly in the paper already refeireil to " On the absorptioQ and 
separation of gases by colloid septa," and partly in four supplementar; 
notices published in the proceedings of the society.* In carrying ont 
the investigation forming the snbject of these several commnnications, 
Mr. Graham had the advantage of being admirably seconded by his 
assistant, Mr. W. Chandler Roberts, whose able and zealous co-opera- 
tion ho repeatedly acknowledged in the warmest terms. 

In the course of experiments made on the transmission of gases 
through ignited metallic septa, a particular platinum tube, being ren- 
dered vacaous, was found at all temperatures below redness to be qoite 
impermeable to hydrogen ; whereas, at a red heat, it transmitted 100 
cubic centimeters of hydrogen in haif an hour, the quantities of oxygen, 
nitrogen, marsh gas, aud carbonic gas, transmitted under the same con- 
ditions, not amounting to .01 cubic centimeter each in half an hour. 
It was ascertained further that, with an ignited vaeuoas tube of 
platinum surrounded by a current of ordinary coal-gas, (a variable 
mixture of gases containing on the average about 45 i>er cent, of 
marsh gas, 40 per cent, of hydrogen, and 15 per cent, of other gases 
and vapors,) a transmission of pure hydrogen alone took place through 
ttie heated metal. Xhis property of selective transmission, manifestiMl 
by platinum, was so far analogous to the property of selective trans- 
mission manifested by India-rubber, that whereas a septum of India 
nibber transmitted the nitrogen of the air in a much smaller ratio 
than the oxygen, the septum of ignited platinnm transmitted the 
other constituents of coal-gas in an infinitely smaller ratio than the 
hydrogen. Hence the knowledge of the absorption by India rubber of 
the gases whicli it most freely transmitted, suggested to Mr. Graham an 
inquiry as to the possible absorption ot hydrogen gas by platinum. 
Accordingly platinum, in different forms, was heated to redness, and 
then allowed to cool slowly in a continuous current of hydrogen. 
The metal so treated, and after its free exposure to the air, was placed 
in a porcelain tube, which was next made vacuous by the Sprengel 
pump. During the production and maintenance of the vacuum, no 
hydrogen was extracted from the metal at ordinary temperatures ; 
or even during an hour's exi>osure to the temperature of 220^; or yet 
at a heat falling just short of redness. But at a dull red-heat and 
upward, a quantity of hydrogen gaa was given off amounting in 
volume, measured cold, to as much, in some cases, as 5.5 times the 
volume of the platinum. Thus was opened ont to Mr. Graham the 
snbject of his last, and probably greatest discovery, the occlusion of 
gases by metals. Very many metals were examined in their relations 
to different gases, but the most interesting results were those obtained 
with platinum as above described ; and those obtained with silver, with 



iron, and, above all, with palladium. 
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The cbaracteristic property of silver, hented and cooled in different 
atmospberes, proved to be its capability of absorbing and retaining, in 
some cases, as much as seven timesitsTolameof oxygen— its absori^tion 
of hydrogen falling short of a single volume. Some silver-leaf, heated 
and cooled in ordinary air, and subsequently heated in a vacuum, gave 
off a mixture of oxygen and nitrogen gasea containing 85 per cent, of 
oxygen, or more than four times the proportion contained in theoriginal 
air. This remarkable property of solid silver to effect the permanent 
occlusion of oxygen gas, must bo distinguished from the not less remark- 
able and doubtless associated property of melted silver to effect the 
temporary absorption of a yet larger volume of the same gas ; which, 
on the solidiQcation of the metal, is discharged with the well-known 
phenomenon of spitting. 

Iron, though tolerably absorptive of hydrogen, was fonnd to be 
specially characterized by its absoqition of carbonic oxide. What may 
be called the natnral gas of wrought iron, or the gas derived from the 
forge in which it was heated, proved to consist chiellyof carbonic oxide, 
and, in different experiments, was found to range from 7 to 12.5 times 
tbe volume of the metal ; so that, in the course of its preparation, iron 
wonld appear to occlude upward of seven times its volnmo of carbonic 
oxide,and to carry this gas about with it ever after. Tlie absorbability 
of carbonic oxide by iron has an obviously important bearing on tbe 
tlieorj- of steel production by cementation. This process would appear 
to consist in an absolution of carbonic oxide gas into tbe substance of 
the iron, and in a subsequent decomposition of the absorbed gas into 
carboD entering into combination with the metal, so as to effect its 
aciersition, and carbonic gas discharged from the surface of the metal, so 
as to produce the well-known appearance of blistering. Hor is this the 
only, or even the chief point of interest that was made out with regard to 
iron ; for the study of the behavior of telluric manufactured iron 
naturally led Mr. Graham to the examination of sidereal native iron, 
that is to say, the iron of meteorites, and with the following result. A. 
portion of meteoric iron, from tbe Lenarto fall, when heated Vn 'actio, gave 
off '2.8o times its volume of natnral gas, of which the preponderntingcon- 
stitnent, to the extent of 85.7 per cent, of the total quantity, consisted 
not of Ciirl>onic oxide, but of hydrogen, the carbonic oxide amounting 
to only 4.5 per cent., and the remaining 9.8 per cent, consisting of nitro- 
gen. The inference that tbe meteorite had been, at some time or other, 
ignited in an atmosphere having hydrogen as its prevailing constituent, 
seems irresistible } and judging from the volume of gas yielded by tbe 
iron, the hydrogen atmosphere in which it vas ignited must, in all prob- 
ability, have been a highly condensed one; the charge of hydrogen 
extracted being fully five time-s as great as it was found possible to im- 
part to ordinary iron artificially. 

But it was with palladium that Mr. Graham obtained his most extra- 
ordinary results. This metal he found to have the property of trans- 
mitting hydrogen with extreme facility, even at temperatures very far 
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short of redness. Coincidently, at temperatnrea even below thoee 
requisite for trausmission, i>alladiuni vas found capable of absorbing 
many hundred times ita rolume of hydrogen. Thus apiece of palladiniu- 
foil maintained at a temperature of 900-97° for tbree hoare, and then 
allowed to cool down during an hour and a half, while surrounded by a 
continuous current of hydrogen gas, gave off, on being afterward heated 
in vacuo, 643 times its volume of the gas, measured cold ; and even at 
ordinary temperatures, it absorbed 376 times its volume of the gas, pro- 
vided it had first been recently ignited tn vacuo. In another experi- 
ment, palladium sponge, heated to 200° iii a current of hydrogen and 
allowed to cool slowly therein, afterward yielded 686 times its volume 
of the gas ; while a piece of electrolytically deposited palladium heated 
only to 100° in hydrogen, afterward yielded, upon ignition in vacuo, bo 
less than 982 times its volume of the gas. The lowness of the tempera- 
ture at which, undet favorable circumstances, the absorption of hydro- 
gen by palladium could thus be effected, soon suggested other means of 
bringing about the result. For example, a piece of palladium-foil was 
placed in contact with a quantity of zinc undergoiug solution in dilute 
sulphuric acid; and, on subsequent examination, was found to have 
absorbed 173 times its volume of hydrogen. Again, palladium, in the 
forms of wire and foil, was made to act as the negative pole of a Bun- 
I sen's battery effecting the electrolysis of acidulated water ; and in this 
j manner was found to absorb from 800 to 95U times its volume of hydr«- 
gen in different experiments. 

Palladium being thus chargeable with hydrogen in three different 
ways — namely, by being heated and cooled in an atmosphere of the gas ; 
by being placed in contact with zinc dissolving in acid, i. e., with hydro- 
gen in the act of evolution ; and, lastly, by being made the negative 
electrode of a battery^-correlatively, the charged metal could be freed 
from its occlnded hydrogen by exposing it to an increase of temperature 
lu air or vacuo ; by acting on it with diflereut feebly oxidizing mixtures; 
and by making it the positive electrode of a battery. 

The palladium, when chargeil to its maximum, was frequently fonnd 
to give off a small proportion of its hydrogen, though with extreme 
slowness, at ordinary temperatures, both into the atmosphere and into 
a vacuum. But not until the temperature approached 100° was there 
any appreciable gas-evolution ; which, above that point, took place with 
a facility increasing with the temperature, so as to be both rapid and 
complete at about 300°. Since, however, the transmission of hydrogen 
through heated palladium is a phenomenon of simultaneous absorption 
and evolution, it follows that the property of pallailiiim to absorb hydro- 
gen docs not cease at 300", or indeed at close upon the melting-point of 
gold — the highest temperature at which Mr. Graham's experiment;) on 
transmission were conducted ; but whereas the maximum ab8or|>tiou of 
hydrogen by palladium takes place at comparatively low temperatures, 
the velocity of transmission was observed to increase, in a rapid ratio, 
"■'♦h the increase of temperature, indefinitely, ^ ■(KV^TL' 
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As regards the removal of hydrogen from pfilladinm by oxygenants, 
the gas of the charged metal was found to manifest all the chemical 
activity of hydrogen in the nascent state. Thas it reduced coixosire 
snbliraate to calomel, combined directly with free iodine, converted 
ferrid into ferro cyanides, destroyed the color of permanganates, &c. 
Moreover, the spongy metal, charged with hydrogen and exposed to the 
air, waa apt to become suddenly hot, and so completely discharged, by 
a spontaneous aerial oxidation of its absorbed gas into water ; while the 
hydrogen of a piece of charged palladium wire was often capable of 
being set Qre to, and of burning continuously along the wire. 

Lastly, the reversal of the position of the palladium plate iu the 
decomposing cell of the battery afforded a most ready meaus of com- 
pletely extracting its hydrogen. Indeed, for some time after thcrever- 
Sid, while hydrogen was being freely evolved from the negative pole, no 
oxygen was observable on the surface of the palladium plate, now made 
the positive pole, through its rapid oxygenation of the absorbed 
hydrogen, 

As regards the extent of the absorption of hydrogen by palladium, it 
was found, as already indicated, to vary considerably with the physical 
state of the metal, whether fused, hammered, siwngy, or electrolytically 
deposited, for example. In one ease, preriously referred to, a specimen 
of electrolytically deposited palladium, heated to lOOo, and then slowly 
cooled iu a continuoas current of hydrogen, was found to occlude 982.14 
times its volume of the gas, measured cold. In this case the actual 
weight of palladium experimented with was 1.0020 gram, and the 
freight of hydrogeu absorbed . 0073 gram, being in the ratio of 
99.277 per cent, of palladium and 0.723 per cent, of hydrogen. The 
atomic weight of hydrogen being 1, and that of palladium 106.5, it is 
observable that the ratio of the weights of the constituents of the charged 
metal, hydrogen and palladiom, approximates to the ratios of their 
atomic weights. 

In another experiment some palladium wire, drawn from a piece of 
the fused metal, was charged electrolytically with 935,67 times its volume 
of hydrogen. Some idea of these enormous absorptions of hydrogen may 
be formed by remembering that water at mean temperature absorbs 
only 782.7 times its volume of that most absorbable of the comm6n gases, 
ammonia. 

A point of interest with regard to the different quantities of hydrogen 
absorbable by palladium in its different states is the gradual diminution 
in the absorptive power of any particular specimen of the metal with 
each snccessive charge and discharge of gas in whatever way effected.— 
the absorptive power, however, being partially roatorable by subjecting 
the metal to a welding heat. 

The density of palladium charged with eight or nine hnndred times 
its volnme of hydrogen is perceptibly lowered. Owing, however, to a 
continuoas formation of bubbles of hydrogen on the surface of tiid 
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charged metal when immersecl in water, there is a difCcuIty in taking 
its exact density hy comparing its respective weights in air and water 
witli one auotlier. There is also a difBculty in determining the density 
by direct measurement of the charged palladium when in the form of 
wire; owing to the curious property of the wjre, on being discharged, 
of not merely returuing to its original volume, but of undergoing a cou- 
siderahle and permanent additional retraction. But in the case of cer- 
tain alloys of platinum, silver, and gold with excess of palladium, while 
the absorptive power of the constituent palladium is still manifested, the 
excess of retraction on discharge of the wires does not occur; and the 
specific gravities deducible from the mere incre-ase in leugth of wires of 
these'alloys are found to accord approsimatively with those deducible 
from the iacrease in length of the pure palladium wire, not above its 
original length, but above the length to which it retracts on discharge 
of its absorbed gas. it would thus appear that, simultaneously with it:« 
absorption of hydrogen, the pure palladium wire, unstably stretched by 
the process of drawing, suQers two opposite actions ; that is to say, it 
undergoes a process of shortening by assuming a more stable conditiou 
of cohesion, and a process of lengthening by the addition to it of other 
matter — the lengthening due to the additional matter being the excess 
of the leugth of the charged above that of the discharged wire. In a 
particular experiment illustrative of this peculiarity, a new platinum 
wire took up a full charge of hydrogen electrolytically, namely, 95C.3 
volumes, and increased in length from 609.585 to 619.354 millimeters. 
With the expulsion of the hydrogen afterward, the wire was perma- 
nently shortened to 600.115 millimeters. The sum of the two changes 
taken together amounts to ia.239 millimeters, and represents the trne 
increase in the length of the wire duo to the addition of hydrogen. It 
corresponds to a linear expansion of 3.205 in 100, or to a cubical expan- 
sion of 9.827 in 100. The ongiual volume of the wire being .126 cubic 
centimeter, the volume of the condensed hydrogen would accordingly 
be .01338 cubic centimeter. Then, as the charged wire, on being heated t« 
vacuo, evolved 120.5 cubic centimeters of hydrogen gas, weighing .0108 
gram, the density of the absorbed hydrogeu would be — 



Calculated from the mere increase in length of the charged wire above 
that of the wire originally, the density of the absorbed hydrogen would 
be 1.708. The following table gives the densities of condensed hydro- 
gen in different experiments made with palladium wire, in which the 
excess of retraction on discbarge was allowed for as above ; and also 
the densities observed in exiieriments made with palladium alloys in 
which the contraction on discharge tttok place to the original lengths of 
the wires only: , 
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Whetber the absorption of hydrogen by palladium, alloyed or not with 
another metal, was large or small, the density of the occlnded hydro- 
gen was found to be substantially the same. That the excessive re- 
traction of the palladium wire on the discharge of its absorbed hydro- 
gen is not a mere eflect of lieat was sbown by the charged wire under- 
going a similar retraction when discharged electrolytically instead of by 
ignition in tacuo; and also by the original wire not undergoing any 
sensible retraction as a resnlt of annealing. That the retraction is 
merely in length was shown by the absence of any difference in specific 
gravity between the original and the discharged wire. Very curiously, 
the shortening of the wire, by successive chargings and dischargtugs 
of liydrogeti, woald seeui to be interminable. Thus the following ex- 
pansions of a particular wire, caused by variable charges of hydrogen, 
were followed, on expelling the hydrogen, by the coutractious recorded 
in the other column ; 



Firet uxpcrimont . . . 
SecoLiI t;x)>criment. 
TliinI rxpt-rinient .. 
Fuartli expuriiiuiDl. 



The palladium wire, which originally measured 609.144 millimeters, 
athns suffered, by four successive chargings and dischargings of hydro- 
gen, an ultimate contraction of 23.99 millimeters, or a redaction of its 
oripnul length to the extent of nearly 4 per cent., each increment of 
contraction below the original length usually exceeding the previous in- 
crement of elongation above the original leogtb of the wire. The alter- 
nate expansion and contraction of palladium by its occlusion and e\'o- 
lutiun of hydrogen is ingeniously shown by a contrivance of Jlr. 
Boberts, in which a slip of puUadiiim-foil, varnished on one side, is made 
to curl and uncurl itself, as it becomes alternately the negafive and 
positive electrode of a battery, or is alternately charged and discharged 
of hydrogen on its free surface. 

That hydrogen is the vapor of ft highly volatile metal has frequently 
been maintained on chemical grounds ; and from a consideration of the 
physical properties of his hydrogeoized palladium, Mr. Graham was led 
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to regard it as atrue alloy of palladtom with hydrogen, or rather hyilro- 
geniam, in which the volatility of the latter metal was restrained by 
the fixity of the former, and of which the metallic aspect was equally 
dne to both of its constituents. Althongfa, indeed, the occlnsion of np- 
ward of 900 times its volnme of hydrogen waa fonnd to lower the 
tenacity and electric condnctivity of palladium appreciably, still the 
bydrogeoized palladium remained possessed of a most characteristically 
metallic tenacity and conductivity. Thas, the tenacity of the origin^ 
wire being taken as 100, the tenacity of the fidly charged wire was 
found to be 81.29 ; and the electric conductivity of the original wire 
being 8.10, that of the faydrogenized wire was found to be 5.99. Id ftar- 
ther support of the conclasion arrived at by Mr. Graham, as to the me- 
tallic condition of the hydrogen occladed in palladium, he adduced his 
singular discovery of its being possessed of magnetic properties, more 
decided than those of palladium itself, a metal which Mr. Faraday had 
shown to be "feebly but truly magDetic." Operating with an electro. 
magnet of very moderate strength, Mr. Graham found that while an ob- 
long f^-agment of electrolytieally deposited palladium was deflected from 
the equatorial by 10° only, the same fri^ment of metal, charged with 
601.6 times its volume of hydrogen, was deflected through 48°. 'Baa 
did Mr. Graham supplement tbe idea of hydrogen as an invisible incon- 
densable gas, by the idea of hydrogen as an opaque, lustrous, white 
metiil, having a specific gra\ity between 0.7 and 0.8, a well-marked 
tenacity and conductivity, and a very decided m^netism. 
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DtUreredbtfore the Uaivenitg of Beidelberg, Ig Dr. Batnnn BelmkolU. 



(Tmntlatod for tbe Bmitbaonlui Inititatloii, bjProCC. F. EBom.) 

Oar nniveraity renews, on tbe annaal retnra of this day, ber grateful re- 
membrauces of Charles Frederic, the euUghteaed prince who, at a time 
wheD the whole established order of Europe was revolntionized, labored 
most zealously and eEBciently to improve the well-being and facilitate the 
mental development of his people, and who clearly perceived that the 
revival of thiB university wonld be one of the principal means for the 
attainment of his benevolent object. Since it is my duty on this occa- 
sion to speak of onr whole nniversity as its representative, it is proper 
to re\'iew tbe connection between the sciences and their study in gen- 
eral, as far as may be possible, fh)m the circumscribed poiut of \'iew of 
an iudividnal observer. 

It would seem indeed, to-day, as if the mutual relations of alt sciences, 
in virtue of which we unite them under the name of a universitas litter- 
arum, bad become looser than ever before. We see the scholars of our 
times absorbeil in a study of details of such immense magnitude that 
even the most industrious cannot hope to master more tban a small 
portion of modern science. The linguist of the last three centuries 
found snfHcient occupation in the study of Greek and Latin, and it was 
only for immediate practical purposes that a few modern languages 
were learned. Now, comparative philology has set for itself no less a task 
than to study all the languages of the human race, in order to deduce 
from them the laws of the formation of language itself, and its votariea 
have brought immense industry to bear upon this gigantib work. Even 
within classical philology they no longer confine themselves to the study 
of those writings which, by their artistic finish, the clearness of their 
thoughts, or tbe importance of their contents, have become the models 
of the poetry and prose of all times ; the philologists are aware that 
every lost fragment of an ancient writer, every remark of a pedantic 
grammarian or of a Byzantine courtrpoet, every broken tomb-stooe of a 
Boman official that is fonnd in some remote corner of Hungary, Spain, 
or Africa, may contain some information or proof of importance in its 
proper place, and hence a large number of schotars are occupied in the 
gigantic task of collecting and eatalogning all remnants of classic anti- 
quity so that they may be ready foruse. Add to this the study of his- 
tortoal sources, tbe examination of parchments and papers accumulated 
in states and towns, the collection of notes scattered tbrough me- • 
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moirs, correspotuleiices, oaA biographies, aad the decipheriDg of tbe 
hieroglyphics aud cuaeiform iosuriptions } add again to these the coDtis- 
nally aiid rapidly augmeutiog catalogues otmineralsy pUxnU, and animaU, 
liviug and autediluviao, aud there will be nufolded before our eyes a 
mass of scientific material sufficient to make us giddy. In all these 
sciences, researches are pushed forward constantly in proportion to the 
improvement of our means of observation, aud there is no perceptible 
limit. The zoologist of the last century was generally satisfied with de- 
Bcribing the teeth, fur, formation of the feet and other external charac- 
teristics of an animal. The anatomUty on the other hand, described the 
anatomy of man alone, as far as be could gain a knowledge of it hy 
means of the knife, the saw, the chisel, or, perhaps, of injections into 
the tissues. The study of human anatomy was even then considered 
an extremely extensive anddifficult branch of science. To-day we are uo 
longer content with what is so-called descriptive Auman anatomy, which, 
although incorrectly, is considered as exhausted, but comparatire anat- 
omy, t. e., the anatomy bf all animals, and miscroacopic anatomy, both 
sciences of unlimited scope, have been added and absorb the interest of 
the observer. 

The four elements of antiquity and of mediteval alchemy have swelled 
to sixty -four* in our modem chemistry ; the last three have been discov- 
ered according to a method originating in our university, which leads us 
to expect other similar discoveries. Not only, however, has the number 
of theelements increased extraordinarily, but the methods for producing 
complex compounds have been so greatly improved, that what is so-called 
organic chemistry, which comprises only the combinations of carbon with 
hydrogen, oxygen, nitrogen, and a few other elements, baa already be- 
come a separate science. 

" As many as the stars io heaven," used to be the natural expressiou 
for a number which exceeds all limits of our compreheuston. Pliny 
considered it an undertaking bordering on arrogance when Hipparchns 
commenced to number the stars and determine their positions. Never- 
theless, the catalogues of stars np to the seventeenth century, which 
were made out without the ase of telescopes, contained only from 1,000 
to 1,500 stars of the first to the third magnitude. At present they are 
engaged at the different observatories in extending these catalogues 
down to the tenth magnitude, which will make a sum total of more than 
200,000 fixed stars in the whole heavens; and these are all to be noted 
down, measured, and their places determined. The immediate conse- 
quence of these observations has been the discovery of many new planets. 
Of these only six were known in 1781, while at present we know seventy- 
flve.t When we pass in review this gigantic activity in all branches of 

• With Indium, nceotly discovered, eisty-flve. 

t In the latter part of November, IBM, the eighty-eeoond of the aeteroida, Alcmene, 
wasdiscovered. Add to tbis the eight large plaaeta, And the whole tnunber of plonea 
known will ainannt to ninety. [1671, 130. j 
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science, the rasli projects of man are, indeed, apt to astouisli and fi igbtea 
oa, like the cboriis iu Antigone, wben it exclaims, 

" Mucb 18 surpriaing, but Donght more ttnrprising than man." 
Who can overloolc the whole, keep the coDii:!cting threads in his hand 
and fiud his way through the labyrinth. The immediate and natural 
coDsequence is that every investigator is forced to choose a field of 
labor constantly becoming more circumscribed, and to confine himself 
to 8, but imperfect acquaintance with the rf;st. We are now inclined to 
laugh when we hear that in the seventeenth century Kepler was called 
to Griitz to discharge the duties of the chair of mathematics and moral 
science, or that at the begiimiug of the eighteenth century Bocrhavc 
held at the same time the professorships of botany, chemistry, and clin- 
ical medicine, which, of coarse, included also pharmacy. Kow, wu ueed 
at least four and iu many universities even seven or eight teachers for 
all these branches. The same is the case in other departments of 
science. 

I have the more reason to consider the connectioo between the diCTer- 
eut sciences h^re, because I confine myself to the circle of natural sciences, 
which have latterly been accused of pursuing a course isolated from other 
sciences, correlated through mutual philological and historical studies, 
and of having become estranged from them. This indeed has long 
been perceptible, and seems to have been developed, or rather brought 
to notice, under the influence of the philosophy of Hegel. At the end of the 
last century, under the philosophy of Kant, such a separation bad not 
been pronounced. His philosophy was on equal footiug with the oat- 
nral sciences, as Kanfa own labors in natural science demonstrate, 
especially his cosmogoaic hypotheses, based on Newton's law of gravi- 
tation, which was later generally received under the name of the theory 
of Laplace. Kant's critical philosophy was calculated' only to investigate 
tlie sources and basis of our [knowledge, and to create a standard for the 
iutellectual labors of the different sciences. A law found a priori by 
pore thought, could, accoi-diug to his doctrine, become only a rule for a 
method of thinking, and could not have any positive or real siguiflcunce. 
The philosophy of identity was bolder. It proceeded from the hypothesis 
that the real world, that nature, and the life of man, were the result of the 
thoughts of a creative mind, which mind was similar to that of man. 
Accordingly, the human mind might undertake, even without the guid- 
ance of estdrna] experience, to think over again the thoughts of the 
Creator, and to find them again, through its own inner activity. In this 
WDse the philosophy of identity endeavored to construct it priori the 
^ materia] resnltsof the other sciences. This might succeed more or less 
easily with respect to religion, law, political economy, language, art, 
history, and, in short, iu all sciences which are developed chiefly from a 
psychological basis, and which are therefore classifled under the name 
of mental sciences. The state, the church, art and language, have for 
their object the satislaction of certain spiritual and mental wants of 
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man. Althon^h external obatacle8, the forces of natnre, accident, 
rivalry of other meo, freqneutly exert a distarbing iDflnence, the endeav- 
ors of a hutnaa miadperseveriDglyparsniiig its object uiaat, in the end, 
prepouderate and triumph over pianleKS hinderances. TTnder these cir- 
CDmstances it would not he impossible to lay ont a priori the course of 
development of mankind with regard to the above relations, especially 
when the philosopher has already considerable empirical material at his 
command with which he can combine bis abstractions. Hegel was ma- 
terially aided in his attempts to solve tbis gaestion by the deep philo- 
sophical insight into history and science which the philosophers and 
poets of the immediately preceding time had gathered, and which he 
needed only to arrange and combine to produce a system fall of astouish- 
ing discoveries. In this manner be succeeded in gaining the enthusias- 
tic applause of the m^ority of the scholars of his time, and in exciting 
fantastical hopes for the solution of the profonndest mysteries of 
human life ; the latter all the more because his ^stem was veiled in 
oorioasly abstract language, and was, perhaps, really understood and 
appreciated only by a small number of bis admirers. 

The fact that the constmctiou of the principal resnlts of the mental 
sciences was more or less snccessfnl, was, however, no proof of the cor- 
rectness of the hypothesis of identity from which HegeVa philosophy pro- 
ceeded. On the contrary, the facts of natnre wonld have been the 
means of furnishing decisive proof. It was a matter of course that 
traces of the activity of the bnman mind and of its stages of develop- 
ment must be found in the mental sciences. If nature reflected the re- 
sult of the thoughts of a similar creative mind, the comparatively nm- 
I>ler forms and processes of nature could the more easily be arranged 
into systems. But it was just at this point that thephilosopby ofiden- 
tity failed, we may say, completely. The natnral philosophy of Hegel^ 
to naturalists at least, appeared alHolutely senseless. Among the many 
excellent naturalists of that time there was not a single one who could 
accept his ideas. But it was of the greatest importance to Heg^ to 
obtain the same appreciation here that he had found so abundantly in 
the other sciences. He waged an unusually passionate and bitter contro- 
versy, directed especially agfunst Newton^ the first and greatest repre- 
sentative of scientific research. He taxed the naturaliste with narrow- 
mindedness, and they in their turn accused their opponent of absnrdi- 
ties. The naturalists began to lay stress upon the assertion that their 
labors bad been free fh>m all philosophical influences, and soon many of 
them, including even men of great eminence, condemned all philosophy, 
not only as useless, but even as injurious vagaries. We cannot deny ■ 
that along with the uiyast claims of the philosophy of Hegel, to subor- 
dinate the other sciences, Its just claims, to criticise the sources of 
knowledge and determine a standard for intellectual labors, were thrown 
overboard. 
In the mental sciences the effect was different, although it finally led 
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to the same lesnlt. Id all brandies of science relating to religion, the 
state, lair, art, aiid language, enthasiastic followers of Hegel arose, 
each of whom sought to reform their branch according to his doctriue 
and to gather rapidly in a speculative way the fruits, which until then 
coold only be obtained by means of slow and tedious labor. Thus it 
was for a time that a shari> and well-dehned antagonism existed between 
the physical sciences on tiie one aide and the mental sciences on the 
other, and not infi^quently was it denied that the former possessed the 
characteristics of a science at all. 

The bitterness which existed between the two did not, however, last 
long. The physical sciences proved to every one, by a rapid series of 
tmlliant discoveries and applications, that they contained a healthy 
germ of unusual productiveness. It was impossible not to esteem and 
appreciate them. In tbe other departments of science, conscientious in- 
vestigators of facts soon raised objections against tbe presumptous Ica- 
nu-flight of speculation. That these philosophical systems produced a 
beneficial effect is bowever unmistakable \ we cannot deny that since 
the appearance of tbe works of Hegel and S^ielling, the attention of 
investigators of tbe diffwent branches of mental sciences has been 
directed more pointedly and more perseveriogly to their iatellectnal im- 
port and scope than in preceding times, and that therefoi;p the results of 
that philosophy have not been entirely in vain. 

In a measure as the empirical ^uvestigation of facts became more 
prominent in tbe other sciences, the contrast between them and the 
physical sciences was diminished. Although this contrast had been 
exaggerated through the iufluence of philosophy, we cannot deny that 
it is founded upon the nature of things, and tbatit will assert its claims. 
It lies partially in the kind of mental labor involved, and partially in the 
subjects of the sciences, as their names, physical and mental sciences, 
indicate. The physicist will find some difficulty in explaining a compli- 
cated process of nature to a philologist or a lawyer. It would require 
on their part abstractions from the appearance of the senses and dex- 
terity in the use of geometrical and mechanical aids, in which they could 
not easily follow him. Artists and theologians, on the other baud, would 
perhaps find tbe natnralist too much inclined to mechanical and mate- 
rial explanations, which would seem trivial to them, and which might 
tend to suppress the warmth of their feeling and their enthusiasm. Tbe 
philologist and the historian, with whom tbe lawyer and the theologian 
are intimately associated by their common philological and historical 
studies, will And the physicist surprisingly indifTerent to Iiterar>' treas- 
u«8, more indifferent perhaps than is proper and good for tbe advance 
of his own science. It cannot be denied, finally, that tbe mental sciences 
have to do directly with the dearest interests of the human mind, and 
with its creations in the worid, while the physical sciences work with 
external matter, to which we may be indifferent, but we cannot neglect 
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because of their great practical ntility, altbouKh tbey may not eeem to 
bave any immediate effect in dereloping the mind. 

Since the sciences have been separated into bo many divisions and 
subdivisions, since very appreciable contrasts have been developed 
among them, and since no one man can comprehend the whole, or even 
a considerable part of the whole, ia there any use in keeping (hem to- 
gether in the same institution T Is the union of thefourfaculties in one 
nniversity only a remnant of the usages of the middle ages ! It has beea 
alleged that many external advantages are gained by sending students 
of medicine to the hospitals of large cities, students of natural sciences 
to polytechnic schools, and by erecting special seniiiiaries and schools 
lor theologians and lawyers. Let ns hope that our German universities 
may long be-preserved from the influence of such an idea! Tbatwoulp 
indeed tear asunder the connection between the different sciences, a 
connection eminently important to scientific labor, and to the improve- 
ment of the material products of that labor, as will be seen on a brief 
cousideration of the question. 

First, as regards their formal relations, I would say that the union of 
the different sciences is necessary to maintain a healthy equilibrium of 
the mental powers. Every science exercises certain faculties of the 
mind, and strengthens them by continual practice. But all one-sided 
development has its dangers ; it is detrimental to those faculties which 
are less exercised, it limits our view of the whole, and leads us to over- 
estimate our own labors. He who ^lerceives that he can perform a cei^ 
tain kind of mental labor much better than other men, is too apt to 
forget how many other things there are in which they surpass him. 
Over-estimation of self— let no votary of science forget it — is the great- 
est and worst enemy of alt scientific labors. How many with great 
talents have not forgotten that criticism of self, so difiBcult and yet 80 
necessary to the scholar, or have become discouraged and lax in their 
labors, because they considered dry, persevering work unworthy of 
them, and were bent only on producing brilliant combinations and rev- 
olutionizing discoveries ! How many snch men have not concluded a 
melancholy life in an embittered and misanthropical state of mind, be- 
cause they failed to obtain that appreciation from their fellow-men 
which is gained only by work and success, and not by the self-compla- 
cency of genius alone. The more isolated we are, the more we are 
ex[)Osed to this danger; while, on the other hand, nothing is more con- 
ducive to efficient mental labor than to be obliged to exert alt onr powers 
to gain the appreciation of men whom we ourselves are constrained to 
appreciate. 

When we compare the kinds of mental activity required in different 
branches of science, we shall find certain differences due to the sciences 
tliemselves, although we cannot deny that every man of great talent 
has a special individual tendency which fits him for his special branch. 
It is only necessary to compare the works of two investigators in inti- 
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maiely related branches, to find that the greater the men, the moru 
decided is their mental individaality, and the less one would be able to 
perform the works of the other. To-day we cannot, of course, go further 
than to characterize the most general differences of intellectual work in 
the different branches of science. 

I have reminded yon of the gigantic extent of the materials of onr 
sciences. It is clear that the greater their extent, the more neces- 
sary it is to obtain a better and more accurate organization and arrange- 
ment, in order not to become hopelessly lost in the labyrinth of learning. 
The better the order and system, the greater may the accumulation of 
details become without injuring the connection. Our time becomes all 
the more profitable in working out details, because our predecessors 
have taught us the organization of science. 

This organizatipn consists, in the first place, in an external mechan- 
ical an-angement, as found in our catalogues, lexicons, registers, indexes, 
literary reviews, yearly reports, digests of laws, systems of natural 
hi8tory,etc. Bytheaidofthesewegain only because all knowledge which 
it in not necessary to keep constantly in mind can be found at any mo- 
ment by those who need it. 

By means of a good lexicon a student of a preparatory school can 
accomplish much in the study of the classics that must have proved 
difficult to Erasmii8,in spite of life-long reading. Works of this kind 
are, as it were, the scientific capital'of mankind, with the interest of 
which the business is carried on. W© might compare them to capital 
invested in lauds. Liketheeartli, of which the lauds are composetl, the 
knowledge contained in these catalogues, lexicons, and indexes looks 
little inviting, and the ignorant cannot appreciate the labor and extwnse 
lavished on these acres; the work of the plowmau seems excessively 
di&cult, laborious, and tedious. Although, however, the work of the 
lexicographer or of the compiler of systems of natural history requires 
as much perseverance and diligence as that of the plowman, it must not 
be believed that it is of a subordinate or secondary nature, or that it is 
[fs dry and mechanical as it looks afterward, when the catalogue lies 
prnited before us. Every single fact must be discovered by attentive 
observation; it must afterward be verified and compared, and the im- 
portant must he separated from the unimportant. ^None can do this 
but those who have a clear understanding of the object of the collection 
and of the intellectnal import of the science and its methods; and for 
such men every single fact will be of pecnliar interest in its relations to 
the whole science. Otherwise such work would be the moat intolerable 
drudgery that could be imagined. That the progressive development 
of scieuce has its influence on these works also is seen in the fact that 
new lexicons, new systems of natural history, new digests of laws, new 
catalogues of stars, are constantly found necessary. They testify to the 
progress of the methods and the organization of knowledge. 
But our knowledge must not remain idle in the form of catalogues ; 
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for the fact tbat we must have it about ns in this form, black npoB 
white, proves that we have not mastered it intellectually. It is not suf- 
ficient t« be cognizant of facts ; science results only from a knowledge 
of their laws and causes. The logical elaboratioD of these f^ts consists 
iQ collecting together those which are similar andet one common head. 
Thus are formed generic ideas, which take their place in oar tbinkiDg. 
We call them generic ideas when they comprise a number of existing 
things, and laws when they comprise a series of phenomena or processes. 
When I have discovered that all the mammalia, i. e,, all warm-blooded 
animals which bring forth living young, breathe by means of Inugs, 
have two chambers of theheart and at least three auricular bones, I need 
no longer remember these peculiarities separately for the ape, the horse, 
the dog, or the whale. The general rule includes an immense number of 
individual instances and represents them in the memory. The law of the 
reitacMou of light does not only include all cases where rays foil, at 
different angles, upon a smooth surface of water and show the result, 
but all cases where rays of auy color strike a surfoce of any kind of any 
transparent substance. This law, therefore, includes such an endless 
number of cases that it would have been absolutely impossible to retain 
them all singly in the memory. Moreover, this law does not only in- 
clude tbose cases which we or others have already observed, but we do 
not hesitate to apply it to new cases, which have not yet been recog- 
nized, to predict the eS'ect of the refractiou of light, and our expecta- 
tions will not be disappointed. In the same manner, if we should find 
an nuknowu mammal, that has never been anatomically dissected, we 
might conclude almost with certainty that it bad lungs, two heart* 
chambers, and three or more auricular bones. 

While we thus generalize the facts of onr experience into classes and 
laws, we not only reduce our knowledge to a form in which it is more 
easily used and remembered, but we actually increase it, since we can 
extend the rules and laws thus found to cases which may come to our 
notice in future. 

In the above examples the generalization of facta presents no diffi- 
culty, and the whole process is ob\-iou3. But in complicated cases we 
do not succeed so easily in separating the similar &om the dissimilar, and 
in forming clear, sharply defined ideas. Suppose we know a man to be 
ambitious; we may predict, with tolerable certainty, that, if this man 
be placed in certain conditions, he will follow the promptings of his 
ambition and choose a certaiu course of action. But we can neither 
define with certainty bow an ambitious man is to be recognized, nor 
bow his ambition cau be estimated, uor can we ascertain how great it 
must be to lead him, under certain circumstances, to adopt a certain 
line of action. We compare the observed actions of one man with those 
of other men who have acted similarly in similar cases, and draw our 
conclusion as to the result of future actions, without having either our 
m^for or oar minor premise clearly defined, and even without being 
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airare tliat oar predictions are fouoded on the described comparison. 
Our opinioii, iu such cases, proceeds from a certain psychological fact 
and not from a conscious arguii|ieDt, although, in the main, tbe mental 
process was the same as iu the instance where we predicted that the 
newly discovered mammal would have lungs. 

Tbe latter kind of induction, which cannot be carried out to the 
complete form of a logical syllogism nor to the establishment of geueral 
laws, plays a very great part iu tbelivesof men. The whole development 
of our sensations is based upon it, as can be proven by au investigation of 
illasions. When, e, g., the nerves of our eye are disturbed by a blow, we 
have asensatiou of light, because, during our whole life, the optic nerve 
had been affeobed only by light, and we had been accustomed to identify 
the sensation of the optic nerve with the action of light, a habit which, 
iu tbe present case, leads ns to an incorrect conclusion. Tbe same kind 
of iadnction plays the principal part iu psychological processes, ou ac- 
count of the extreme complexity of the influences which determine the 
formation of a man's character or momentary state of mind. Iu fact, 
by asserting that we are ftee agents, i. «., that we have the power of 
acting according to our own Aree will and choice, without being forced 
by a strict, inevitable law, we deny the possibility of referring back at 
least a part of the manifestations of our soul to au inflexible law. 

We might call this kind of induction artistic induction, in contradis- 
tinction to logical induction, which prodnces sharply defined, general 
conclusions; because it is pre-eminently apparent in tbe finest works of 
art. It is an essential part of artistic talent to be able to reproduce 
the external characteristics of a character or state of miud by means of 
words, forms, colors, or sounds, and ta comprehend instinctively the 
operations of the soul without being guided by any tangible role. Ou 
the (Contrary, wherever we become aware that the artist has consciously 
worked after general rules and abstractions, we find his production 
commonplace and our admiration ceases immediately. The works of 
great aitlsts, however, depict to us characters and operations of the 
miud with such vivacity, such profusion of individual traits, and such 
convincing truthfulness, that they seem superior to real life, because 
no disturbing iufluences have entered. 

Wheu we examine the sciences with regard to themanner in which con- 
clusions must be drawn in each, we are struck by a fundamental differ- 
ence between the natural and the mental sciences. In tbe natural 
sciences, induction may usnally be continued until we obtain decided 
general rules and laws, while in tbe mental sciences deductions ftvm 
psychological tact preponderate. So in the historical sciences, the 
soarces of facts must first be verified, and, when the tacts are estab- 
lished, the more difllcnlt and more important labor begins of investi- 
gating the complicated and various motives of peoples and individuals. 
Both most be done chiefly throngh psychological consideration. The 
psychological sciences, in bo £»r as they have to do with the explanation 
16H71 
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and emendation of tiie texts transmitted to ns, and witb the history of 
literature and 'art, require an intuitive perception of tbe sense of an 
author and of the aecondary meaning of his words ; tbey require a correct 
appreciation, both of the individuality of tbe antbor and of tbe genins 
of tbe language in which he wrote. All these are instances of artistic 
and not of logical induction. We cau ouly form our judgment, if a 
large number of similar fncts is ready in the memory to be quickly 
brought iuto relation with tbe question before ns. One of the first 
requirements for this kind of studies is, therefore, a reliable and ready 
memory. Indeed, many celebrated historians and philologists bare ei- 
cited the astonishment of their contemporaries by the power of their 
■ memories. Of course, the mere memory would not suffice without the fac- 
ulty of quickly perceiving analogies, or without a finely developed appre- 
ciatioD of hnmau emotions ; and this latter requisite cannot, perhaps, be 
acquired without a certain warmth of feeling or an interest in observing 
the emotions of others. While our intercoarse with our fellow-men io 
everyday life must furnish the basis for these psychological reflections, 
the study of history aud art serves to supplement and enrich them, since 
both show us men acting under unusual circumstances, and' teach as 
the whole extent of the powers that lie slumbering in our bosoms. 

Tbe above-meutioned sciences, with the exception of grammar, gen- 
erally do not succeed in obtaining strict universal laws. The laws of 
grammar are established by the human will, although it may have been 
unconsciously aud without a premeditated plan, but developing as tbe 
need of them was felt. They appear, therefore, to the learner of th« 
language as laws established by extraneous authority. 

Intimately connected with philology are theology and jurisprudcTtee, 
whose preparatory aud auxiliary studies in fact belong to the circle of 
philological ftcieuces. The general laws, which we find in both, are also 
such as have been established by extraneous authority for our belief 
and mode of action as regarded from a moral or judicial point of view, 
and not laws like those of nature, which state the generalization of a 
mass of facts. Like the application of a law of nature, bowe^'er, to a 
particular case, the application of a grammatical, legal, moral, or dogmat- 
ical rule, is made in the form of a conscious logical syllogism. Tbe 
rule forms the major premise, aud the minor premise must show 
whether the case in point fulfills the requiremeuts of tbe rule. Tbe 
Bolutiou of this latter process, as well in grammatical analysis for 
explaining the sense of a sentence as in a legal consideration of the 
trnth of factSj the intentions of agents or the sense of their writings 
mast attain be of a psychological nature. We cannot deny, however, 
that both the syntax of civilized languages and the system of oar juris- 
pradeuce, perfected by a practice of more than 2,000 years, have at- 
tained BO high a degree of logical finish and consistency that cases not 
comiug clearly under their laws are exceptional. Of course, there will 
always be such cases, because human laws can neverjiiojp&t^becomeas 
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perfect and coniprelieiisive as the laws of nature. In snch cases ^e 
have no other alteroative bat to divioe the intentioa of the lan^-giver 
&om the analogy of the laws for similar cases. 

Grammatical and legal studies have certain advantages for cultivat- 
ing the mind, because they uniformly eserciae its different faculties. 
The education of the modem Europeans is, for this reason, based 
especially npon the grammatical study of foreign langnages. The 
mother tongue and foreign languages, thatare learned by practice alone, 
do not exercise logical thought, although they may teach us artistic 
beauty of expression. The two classical languages, Greek and Latin, 
in common with most ancient and original languages, hare the advantage 
of an extremely artistic and logical development, and of fnll and dis- 
tinct inflections, which clearly indicate the grammatical relation of 
words and sentences. By long use langnages become worn down, 
grammatical forms are sacrificed for practical brevity and rapidity of 
atterance, and the result is greater indistinctness. This is clearly seen by 
comparing the modem European langnages with the Latin. The wearing 
down of inflections has proceeded furthest in English. This seems to 
me to be the reason why modern languages are less fit for educational 
purposes than the ancient. 

As grammar is best adapted to the education of youth, so are jurid- 
ical studies a means of culture for a raaturer age, even where they are 
not immediately necessary for practical use. 

The extreme opposite of the philological and historical sciences, as 
far as the kind of intellectual . labor involved is concerned, is foand in 
the natural sciences. I do not mean to deny that, in many branches of 
these sciences, an instinctive perception of analogies and a certain 
artistic tact play a conspicnous part. In natural history it is, on the 
contrary, left entirely to this tact, without a clearly definable rule, to 
determine what characteristics of species are important or unimportant 
for purposes of classification, and what divisions of the animal or vege- 
table kingdom are more natnral than others. It is furthermore signifi- 
cant that Qoetke, i. e., an artist, has first suggested comparative ana- 
tomical investigations of the analogies of the corresponding organs of 
difierent animals, and also of the analogous metamorphosis of leaves 
in the vegetable kingdom, thus determining materially the direction 
which comparative anatomy has since taken. But even in these 
branches, where we have to do with the effects of vital processes, as yet 
not understood, we can generally form comprehensive ideas and dis- 
cover clear laws more easily than in cases where our judgment depends 
npon an analysis of the actions of the soul. The peculiar scientific 
character of the natural sciences appears most sharply defined in the 
experimental and mathematical branches, especially in pore mathe- 
matics. 

The essential difference between these sciences, in my opinion, con- 
sists in that it ia comparatively easy in the latter to unite individWt 
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cases wliich have come aoder our observation or experience, under gen- 
eral laws of absolute correctness and extensive application, vhile intbe 
former such generalization usually presents insurmountable difficulties. 
Indeed, in mathematics, the general laws called axioms are so few, so 
comprehensive, and so evident that they require no proof. The whole 
of the pare mathematics is developed oat of the following three axioms : 

" Two magnitudes equal to a third are equal to each other. 

" Equals added to equals produce equals. 

" TTuequals added to equals produce unequals." 

The axioms of geometry and of theoretical mechanics are not more 
numerous. These sciences are developed oat of these few axioms by 
employing every obtaiued conclusion in working ont snbseqaent cases. 
Arithmetic is not confined to the addition of a finite number of magni- 
tudes, but teaches in higher analysis even to add an infinite number of 
magnitndes, which increase or decrease in value according to the most 
varying laws; in other wonls, to solve problems which coald never b« 
done by direct methods. Here we see the conscious logical operation of 
oar mind in its purest and most perfect fonu ; here we learn the whole 
labor and great care with which it must proceed, the accnracy necessary 
to determine the fall value of discovered general laws, the difficulty of 
forming and nnderstanding abstract ideas ; bat we also learn at the 
same time to gain confidence in the certainty, scope, and &uitfuluess of 
such mental labors. 

The latter becomes still more obvious in applied mathematical sciences, 
especially in mathematical physics, to which must also be added phys- 
ical astronomy. After Newton bad once recognized, from the mechan- 
ical analysis of the motions of planets, that between all ponderable matter 
there exists an attraction, inversely proportional to the square of the dis- 
tance, this simple law was sufficient for calculating with the greatest pre- 
cision all the motions of the planets to the remotest periods of past m 
future time, if we only have the place, velocity, and mass of the various 
bodies of our system given for some point of time. We even recognize 
the effects of the same force iu the motions of double stars, whose dis- 
tance Irom us is so great that their light is years in reaching us, and in 
those whose distances have never been successfully measured. 

This discovery of the law of gravitation and of its consequences is 
the most wonderful effort of logical power of which the human mind has 
ever been capable. I do not assert that no men possessing powers of 
logical abstraction as great or - greater than those of Kewton or of the 
other astronomers, who led the way to or developed his discoverj-, have 
ever lived ; bub that there has never been a better opportunity than that 
of solving the confused motions of the planets, which had before served 
only to foster a belief in astrology among the uneducated, and which 
were now brought nnder a law that was able to account for the slight- 
est details of their motions. 
Other branches of physics have also been developed according to the 
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above great model, especially optics, electricity, aad magitetism. Tbe ex- 
perimental sciences bare tlie advantage over the rest, that tliey can at 
will vary the conditions ander which a result takes place, aod may thas 
coufloe themselves to the observation of comparatively few character- 
istic cases in order to determine tbe law. Its correctness must, of 
coarse, beverifled in more complicated cases. Thus the physical sciences 
have advanced with comparative rapidity after the' correct methods had 
once been determined. They have not only enabled ns to look back into 
the distant past when the coamical nebalffi were consolidated to stars 
and became incandescent by the power of their aggregation ; not only 
to investigate the chemical constituents of the solar atmosphere — the 
chemistry of the most distant fixed stars will probably soon become 
known also* — but they have taught us to avail ourselves of the forces 
of nature for our own benefit. 

From what has been said, it is sufficiently evident bow different the 
mental labor is in the two classes of sciences. The mathematician needs 
no memory at all for individual fitcts, and the physicist but little. Sup- 
positions based on the recollection of similar cases may be useful in 
indicating the right direction, but they become valuable only when they 
have led to a precise and marked law. There is no doabt that we have 
to do in nature with unvarying laws. We must, therefore, work on 
onto we have discovered them. We must not rest uutil we have accom- 
plished that} for it is then only that our knowledge obtains its triumphs 
over time and space, and over the forces of nature. 

The solid work of conscious argument requires great perseverance and 
care ; It is generally slow, and is but rarely advanced by flashes of 
genius. We find in it little of that readiness with which the memory of 
the historian or pbilologer recalls past experiences. It is, indeed, the 
essential condition of methodical progress of thought that the mind 
must remain concentrated upon one point, undisturbed by side issues, 
by wishes or hopes, and proceed only according to its. own will and 
determination. The celebrated logician, Stuart Milt, asserts as his con- 
viction that the inductive sciences have done more in modem times for 
the progress of logical methods than philosophy itself. One great cause 
of this may be, that in no department of knowledge is a mistake of 
reasoning detected so easily by the erroneousness of the result as in 
these sciences, where we can most readily compare the results of our 
reasoning directly with the actual facts. 

Although I have asserted that the natural sciences, and especially 
their mathematical branches, have come nearer the accomplishment of 
their scientific mission than the other sciences, I do not wish to be charged 
with underrating tbe latter. If tbe natural sciences have attained 

■ Hoat tntoreatbg disooveries bave nlmtdy be«n made. Tbey are found in tbe work 
of W. Huggiua and W. A. MiUer, pnblubed April, 1864, in wbich tbe analysis of Aide- 
iaran and a Orion is given, and proof fiimiabed that certain nebuhe ore Lucandescen 
globes of gae. 
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greater perfectioii in their Bcientific form, the mental sciences have the 
advantage that they have treated a richer sabject, and one that is of 
more intimate interest to man, namely, the human mind itself vdth its 
various desires and operations. They have the higher and more ditt- 
cnlt task ; bat it is clear that the example of those branches of knoivledge 
which have advanced further by reason of their easier sabjeot-matter, 
must not be lost to them. They may learn methods from them and 
derive encouragement from the abundant harvest of their resalte. I 
t>elieve, indeed, that our times have ah:«ady learned much from the 
natural sciences. The great respect for facts and accurate collections, 
a certain distrust of appearances, the striving after the discovery of 
unvarying laws which distingoish onr times from former time, seem to 
indicate such an influence. 

How far mathematical studies, being the representatives of conscious 
logical thought, should obtain a greater influence in our educational 
systems, I wilt not here consider. That is mainly a question of time. 
As science becomes more extended, system and organization must be 
improved, and students will find themselves obliged to pass through a 
severer course of thinking than grammar is able to afford. What I 
have particularly noticed in my own experience with students who 
pass from onr grammar-schools to scientific and medical studies, is a 
certain laxness in the application of strict universal laws. The gram- 
matical rules to which they were accustomed are usually furnished with 
long lists of exceptions ; the students are, therefore, not used to trusting 
the certainty of the legitimate consequence of a general law without 
reserve. Secondly, I And them too much inclined to seek authorities 
where they might be able to tbrm an opinion of their own. In phi- 
lological studies, the scholar who can rarely overlook the whole field, 
and who frequently must depend upon an (esthetic perception of 
elegance of expression and of the genius of the language which requin 
long culture, will, even by the best teachers, be referred to authorities. 
Both errors proceed from a certain sluggishness and an uncertainty of 
thinking, which will disqualify the student for later scientific studies. 
Mathematical studies are certainly the best remedy for both; in them 
there is absolute certainty of inference, and there is no authority bat 
our own reason. 

So much for the mutually supplementing tendencies of the mental 
labors of different sciences. 

But the acquisition of knowledge is not the only object of man wi 
earth. Although the sciences awaken and develop the most subtle 
powers of the hnman mind, yet be who studies only for the purpose of 
knowing, does not fulfill his destiny on earth. We often see highly 
gifted men who are by some fortune or misfortune placed in comfortable 
circumstances, without ambition or energy for action, drag out a tedious 
and unsatisfactory life, while they believe that they are carrying out 
the ol^ect of their existence by increasing their knowledge and devel- 
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opiiig their minds. Action alone ennobles a man's life, and his aim mast 
therefore be either a practical application of his knowledge or an In- 
crease of science itself. The latter is also conducive to the progress of 
hamaiiity, and this leads us to the consideration of the coonection be- 
tween the subjects of the sciences themselves. 

Knowledge is power. No time demonstrates this more clearly than 
oar own. We learn how to make the forces of nature, as fuaud in the 
inorganic world, subservient to the needs of human life and tbe pur- 
poses of tbe human mind. The application of steam has increased tbe 
bodily power of man a thousand and even million fold ; weaving and 
spinning machines have relieved man of labor whose monotonous regu- 
larity served only to stultify the mind. Tbe intercourse of men with its 
mat«>rial and mtellectual consequences, has increased to a point which 
wonld never have been dreamed of when oar parents were born. But 
it is not only by machines tbat human force is multiiilied, and it is not 
only on cast-steel rifled cannon, and iron-clad vessels, or on supplies of 
provisions and money that the power of a uatiou depends, although 
these things have so unequivocally asserted their influence, that even 
tbe proudest and most unyielding absolute governments of our time 
have been obliged to remove tbe shackles from industry and grant a 
political voice to the laboring classes. It is also the political and judi- 
cial organization of states, the moral discipline of individuals, which 
produces the preponderance of the civilized nations over the uncivilized, 
so that tbe latter are doomed to inevitable destruction if they cannot 
acquire civilization. Here everything acts reciprocally. "Where there 
are no established laws, where the interests of the majority cannot as- 
sert themselves, there can be no development of national wealth and 
power. He alone can become a good soldier in whom a sense of honor 
and inde|>eudence have been developed under just laws, and not the 
slave, who is subject to the whims of a capricious master. 

For this reason every nation, from motives of self-preservation alone 
and without considering more ideal requirements, has an interest in 
fostering not only the natural sciences and their technical applications, 
but also the political, legal, and moral sciences, with all tbeir subserv- 
ient historical and philological branches. Ko nation, wishing to pre- 
serve her independence and influence, can afford to remain behind. 
The civilized peoples of Europe are conscious of this. The public aid 
given to aniversities, schools, and scientific institutions far exceeds all 
that was done in this respect iu former times. We also can boast again 
this year of a liberal donation by our government." I spoke iu my in- 
troduction of the increasing division and organization of scientiflc labor. 
Iu fact, men of science form a kind of organized army, endeavoring, for 
the good, and indeed mostly by the commission and at the expense of 
the whole nation, to promoto such knowledge as tends to tbe increase 

* MoaDS for eiectiDg new buildings for Mlentiflo iostitates, and Binaller snins for boa* 
pitole aod geological collectioDB. ( OOolc 
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of industry, wealth, the comforts of life, and to the improvemeat of tbe 
political orgauization anci the moral developmeut of her eitizeus. Of 
course, we must not ask for immediate, apparent beoeflt, as the aoeda- 
cated are so apt to do. Everything that gives us information conoem- 
ing the forces of nature or the powers of the human mind is valuable^ 
and will ultimately prove useful, ofteu when we least expect it. Who 
conld have thought when Galvani touched the thighs of frogs with dif- 
ferent metals and saw them twitch, that eighty years later, Europe 
would be traversed by wires, carrying news with the rapidity of light- 
ning from Madrid t» St. Petersburg by means of the same agency, 
wliose first indications that anatomist observcdT Electric currents in 
his aud at first also in Volta's hands, were of the feeblest kind, and 
could only be perceived by the most delicate instruments. If their iD- 
vestigatiou had then been abandoned because it was unpromising, the 
most important and interesting connection between the natural forces 
would to-day be wanting. When young Galileo, while a student at Pisa, 
observed a swinging lamp in church, and found by counting his pulse 
that the duration of the oscillations was independent of the size of the 
arc, who could have foreseen that by means of this discovery we would 
obtain clocks measuring time with an accuracy then deemed imiMssible, 
aud which would enable the mariner, tossed by storms on the remotest 
waters of the earth, to determine his longitude) 

He who expects an immediate practical benefit in his study of science, 
may be pretty sore that his pursuit will be in vain. Perfect knowledge 
aud understanding of the action of the powers of nature and mind are 
all that science can attain. The individual investigator must find suffi- 
cient reward in the pleasure of making new discoveries, victories of 
thought over refractory matter; in the ^esthetical beauty aflbrded by 
well-ordered knowledge, where a perfect connection exists between all 
its parts and the whole shows the controlling power of the mind ; and 
in the consciousness of having contributed to the ever-increasing stock 
of knowledge on which the dominion of man over inimical force depends. 
H« cannot, indeed, expect always to find appreciation and reward ade- 
quate to the value of his works. It is true that many a one to whose 
memory a monument has been erected, would have been happy had he 
received the tenth part of its cost in money during his lifetime. But we 
must also remember that the value of scientific discovery is much more 
readily and cheerfully appreciated by public opinion than formerly, and 
that cases where authors of material scientific progress are allowed to 
suflfer want have become more and more rare ; that, on the contrary, the 
governniouts and i)eople of Europe have recognized the duty of com- 
pensating prominent men of science by corresi>onding positions or na- 
tional rewards provided especially for the purpose. 

The sciences have then a common cause: to make the mind rule the 
world. While the mental sciences work directly to make intellectual 
'"■-^ richer and more interesting, to separate the pure from the impure, 



PHYSICAL SCIENCES TO SCIENCE IN GEKEBAL. 233 

the natural scieacea labor indirectly toward the same goal, by endeavor- 
ing to free man more and more from external necessities. Every single 
investigator performs his part and eboosea saob tasks as are inost suited 
to his mental endowments and caltore. Bat every one mast remem- 
ber, also, that he is able to further the great work only in conjunction 
with the rest, and that it is therefore bis duty to make the results of 
his labors as clear and as accessible to them as possible. Then be will 
find assistance in others and they in him. The annals of science are 
rich in proofs of snch mutual relations between sciences apparently the 
most remote. Historical chronology is based upon astronomical calca- 
lations of eclipses of the sun and moon, recorded iu ancient histories. 
Conversely, many important data in astronomy, such as the time of 
revolution of many comets, are based upon old historic records. Lat- 
terly, Briicke and other physiologists have found it possible to build up 
a system of all ardenlate sounds of which the human organs of speech 
are capable, and to base upon it suggestions for a universal alphabet 
adapted to all humao languages. Here, then, physiology has entered 
the service of the science of language, and has furnished the esplana- 
tion of many curions changes of sound, which are determined not by 
the law of euphony, as bad beeu before supposed, but by a similarity 
in the 'positions of the organs of speech. The science of language, in 
retam,* throws light upon the ancient relationship, separation, and 
migrations of tribes in prehistoric times and on the degi'ce of civilization 
to which tbey bad attained before their separation; for the names of 
those objects which tbey could name then, are found to be common in 
later langoages. Thus the study of language furnishes us with the 
history of times of which we have no historical docnments. Let me 
furthermore remind you of the assistance which anatomy can afford 
the sculptor and the arcbseologiat who examines ancient statues. If I 
may be permitted to refer to some of my own latest works, I will men- 
tion that it is possible to demonstrate the elements of our musical sys- 
tem by the physics of sound and the physiology of its sensation, a 
problem belonging entirely to aesthetics. The physiology of the organs 
of sense ia most intiipately connected with psychology, because it 
proves results of psychological processes in the perceptions of sense 
which do not come within the scope of conscious reflection, and must, 
therefore, remain concealed from psychological self-observation. 

I could only mention here the most striking examples of the mutual 
reUtions of sciences and those which required the fewest words, and 
was, therefore, obliged to choose those existing between the most 
remote branches. But the influence which each science exercises over 
the one nearest akin to it is, of course, much greater. It is self-evident; 
it requires no illustration ; you all know it from yonr own experience. 

I therefore consider every individual as a laborer at a common great 
work, touching the noblest interests of the whole human race } not as 
one striving to satisfy his desu:« of knowledge, or bis own advantage, 
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or to sbioe by displaying bis own abilities. Tbe true scieatist will Dot 
want tbe reward of bis own conscience nor tbe appreciation of bis fel- 
low-men. To keep alive tbe co-operation of all iDvestigators and the 
relations of all branches of science with each other and to their common 
object is the great mission of QDiversities ; it is, therefore, necessary 
that in them tbe four faculties should always go hand in band. We will 
constantly endeavor, as far as in us lies, to labor in this great cause. 
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Tniiulat«d tor the Smitbaanlao Institatliiii. 

Among the various qaestions Avliose scientific esplauation is the 
province of animal physiology, none has perhaps excited the interest 
of the people, as well as of scbolars, to a higher degree than the propa- 
gation of organisms. 

While in former times naturalists entertained the most variona opin- 
ions and hypotheses, or indulged in the most chimerical speculations, 
modern science, armed with more perfect knowledge and greatly im- 
proved instruments, and more familiar with methods of exact research, 
has gradually succeeded in shedding some light on these mysterioas 



These proccBses in general consist in this, that certain bodily constitu- 
ents are from time to time separated from individual beings, and are 
developed into others of the same species. If the action of a second 
animal substance is necessary on such separated germs, which then 
show the characteristic structure of eggs, and are called ova, the process 
is called sexual propagation or generation ; but if the germ under favor- 
able external circumstances may become a new being without such 
action, this more simple though less general process is called nnsex- 
nal or agamic reproduction. 

To the latter belongs a series of phenomena to which I have the honor 
of directing yoor attention this evening ; phenomena which have been 
accurately studied and verified only within the last two decades. A 
law has been established of the highest importance, not only to zoology 
but to all natural science, which has been named that of " Alternate 
Generation and ParthenogeneMs." 

It was the brilliant Danish naturalist Steenstrup who, in the cele- 
brated essay on "Alternate Generation," (Copenhagen, 1842,) first showed 
the way that would lead to a satisfactory explanation of the complicated 
phenomena attending the multiplication of the lower forms of animal 
life. 

By alternate generation, Steenstrup anderstood the power of an animal 
of producing progeny difl^ring from the mother, but itself capable of pro- 
ducing young, which again return to the form aud character of the first 
parent ; so that the daughter would not i-esemble the mother, but the 
grandmother. Sometimes this return to the original form occurs only 
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in the tbird, fourth, or yet further removed geDerataoii& The peca- 
liarity of this pbeDomenoQ not oiily coasista in the attamatioQ of different 
progeny, but also in that of sexual and sexless leprodnction. One gen- 
eratioD may consist of Beziially developed mates and females, and bear 
yoang IVom eggs, and the next may be sexless, and may bring forth 
young by fission, by bnda or germs. These animals capable of agamic 
propagation were called nurses by Steenstrup, because it is their fonctioD 
to provide for the alimentation and development of the sexual auimals. 
The number of sexless intermediate generations, as well as their degree 
of development and organization, differs in different species. They 
either possess provisory or temporary organs, and are therefore larve, 
or they are fnlly developed individuals, and already show the constroc- 
tion and mode of life of the sexual animals. The sexless larvae of 
animals, such as butterSies, which undergo simple metamorphosis, are 
distiuguiiihed from onr uorses by their inability to multiply by agMuio 
reproduction ; so that we may, according to Leuckart, consider alternate 
generation with nurses as a metamorphosis combined with agamic repro- 
duction. 

Alternate generation, very aptly called metagene«i» by B. Owen, waa 
first observed in the saipee, a kind of mollusks which are as remarkable 
for their form as for their mode of life. They belong to the tunicata, 
and are found in great numbers in the ocean, the Mediterranean, and in 
all southern seas. They swim about a little below the surface, and pre- 
sent the appearance of oval or cylindrical bodies, clear as crystal, moving 
about either isolated or united in long chains, by taking in water and 
expelling it again. 

Our German lyric poet, Chamisso, remarked, in his voyage around the 
world, that the isolatetl salpee could not be members of a severed chain, 
because they did not resemble the individuals of the latter. He further- 
more recognized that the solitary talpte always contained a progeny 
resembling the chain, while the individuals of the tatter contained a 
foetus formed exactly like the solitary salpte. Chamisso published his 
interesting observations in 1819, at Berlin, in an essay entitled i>e 
animalibus quibusdam e clasae vermium UnrueanOf Fate. I. de Salpa, in 
which he expressed the view that the solitary salps proceeded trom the 
individuals of the chain and the latter &om Ibe solitary ones. Cha- 
misso's discovery was but little appreciated at first; it was even ridi- 
culed as the vagary of a poet, untQ it was brilliantly defended by 
Steenstmp in 1842, and confirmed and expanded later by the accurate 
investigations of other zoologists. We know now that the loosely con- 
nected chain is comiwsed of hermaphrodite sexual animals, generating 
an embryo usually from one egg only, which remains connected for a 
time with the mother by means of a kind of placenta, and is nourished 
by it until, having attained a considerable size, it escapes and forms the 
solitary or isolated salpa— the only case of viviparity among the tuni- 
cata. The solitary salpa then generates a chain of sexually developed 
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individuals by gemmation from buds, which take the place qf male 
and female organs of generation, and thus represent their nnrse. 

On the coasts of the Korth and Baltic Sea& immense swarms of clear, 
watery, bell-shaped creatures may be perceived in summer, swimming 
slowly around below the calm surface of the water, with their convex 
Burface upward and their concave downward. These are the Aurelia 
aurita, L., a species of acraspedote, or unfringed medusa, some of which 
are male and some female, as is the case in all medusa. The sexual 
organs are mffle-like folds on the inner skin of four bags or folds in the 
gastrical cavity, which open outward at the bottom of the stalk. By 
simple ciliary motion the seed of the male passes into the bags of the 
female and fecundates the eggs. These then pass out into the folds of 
the tentacles, where they are developed to embryos, which are provided 
with a very tender covering of cilia, and move about freely in the water 
like infusoria. This phase of evolution was formerly considered as a 
separate species, called planula. Soon, however, the cilia falls off, and 
the animalcule, thus deprived of its locomotive organs, sinks to the 
bottom, attaches itself to firm objects, and grows longer. In the free 
end a cavity soon appears, which gradually increases and is developed 
iato a mouth, from which wart-like excrescences or papilla shoot out 
and are afterwarti converted into tentacles. The animal has now the 
appearauce of a polypus; and it was, indeed, formerly so considered, 
and called hydra tuba. After some time— perhaps months — a circular 
depression is seen just below the cmwu of tentacles, followed by others 
behind it. These depressions become deeper and deeper, and short 
projections appear in their edges, which afterward also develop into 
tentacles. The whole now bears a distant resemblance to the so-called 
ttrobila, or flr-couc, or to a set of flat cups resting on a columnar foot, 
the polypus. The separate divisions of the strobila are the origin of 
the fnture mednste. They develop more and more, one after another, 
separate from their pedestal, and afterwards attain their permanent 
form, size, and maturity. They now turn the convex surface by which 
they were attached, upward, while the month, which was before turned 
up, uow points downward. In the aurelia there is, therefore, an inter- 
mediate or nurse generation during the jwlypus stage, in which the 
animal is multiplied In an agamic way by gemmation and fission. 
Each of the individuals so produced is again developed into a sexual 
medosa. 

In mednsEe of lower organization belonging to the hydroids, which 
Gegenbauer has called craspedote, because their disk is provided with a 
velum, a similar kind of alternate generation takes place, with the ex- 
ception, however, that the polypoid nurse reaches a much more advanced 
stage of independent development after leaving the ovum. It grows to 
a stalk of considerable size, and puts forth numerous polypus-buds. It 
is only when the colony has attained a high degree of development ttiaC 
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the sexual animals are formed, which separate from the stalk, swim 
about iudependeutly, and deposit their eggs in remote spots. 

la other hydroids the nurse acquires a still greater importance. In 
them, as in our sweet- water polypi, the sexnal progeny appears only in 
the shape of globular appendages, which are not capable of being 
evolved into independent animals, but remain attached te the polypus- 
stalk, and resemble orgaus for the production of the sexual secretions. 

We may with Gegenbauer call this latter form of alt43mate generation 
imperfect metagenesis. We see another remarkable instance of it in 
the peculiar many-shaped colonies known as Sipkonophorw, which swim 
about freely in the sea, and of which the vraya dipheys, Blaine, occurring 
in the Atlantic and the Mediterranean, may serve as an example. From 
the transparent ovum of this animal a ciliated larva is batched. The 
plastic material contained in the body of this larva or nurse is then differ- 
entiated into a locomotory piece, (the posterior of the two swimming- 
bells at the beginning of the stalk of a ripe colony,) and an appendage 
which afterward becomes the second bell and the common stalk of the 
whole colony. The individuals now bud forth &om this stalk in a fixed 
order, but do not separate. They remain so connected that their abdom- 
inal cavities all open into the canal passing through the common stalk. 
These individuals are not by any means formed alike, nor do they serve 
the same physiological i>urpose. The principal of the division of labor, 
which is carried out in the solitary animals so that their organs become 
constantly more numerous and more perfect, is here applied in such a 
manner that the various functions of animal life, motion, alimentation, 
defense, and aggression, as well as sexual reproduction, which is other- 
wise con&ned to single individuals, are here distributed among all the 
animals of the whole colony. In every tuft along the stalk, which some- 
times numbers as many as fifty of them, we distinguish nourisherii in the 
form of trumpetshaped appendages with orifices called suction-tubes ; 
aggressors, in the form of long contractile filaments or tentjtcles furnished 
with microscopic weapons (nettle-cells) at their knobs ; defenders, in 
the form of stiff scales or helmets attached to the nourishers for pur- 
poses of defense ; reprodiuxrs, developed after all the rest, in the form of 
racemous disecipus capsules swinging in small (special) swimming- bells. 
By the alternate contraction and expansion of the bell-shaped sicimmers 
at the upper end of the colony, (the base,) with which the smaller spe- 
cial swimming-bells move in time, the whole colony is propelled through 
the water. 

In a few other species, the phyaalid(s and vellelidw, the sexual ani- 
mals separate &om their nursing stalk and have a short, independent 
existence like the medusa. 

The alternate generation of some of the intestinal worms is attended 
by the most wonderful and extraordinary circumstances. The most 
curious opinions have prevailed until very lately abont their origin and 
reproduction. 
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Od account of ttieir various waDderings through different auimal 
bodies, the tremalodes, and more especially certain species of the genus 
distoma, so called on account of two suckers or stomata on the flat part 
of their bodies, are of peculiar interest From the egg of the distoma 
a ciliated embryo, resembling infusoria, is produced, which swims about 
in tbe water, attaches itself to certain sweet-water snails, (Limuseus, 
Planorbis, &c.,) and penetrates into their bodies. There it grows, loses 
its cilia, and develops a month and an alimentary tube. Its contents 
iiggi^giite into cellular heaps, which gradually assume a definite shape, 
and are converted into small auimals. These essentially possess tbe 
structure of mature trematodes, but are sexless and have a tail-like ap- 
pendage ; they increase slowly iu size and expand the worm which 
contains them, and which seems toliave no other function than to pro- 
tect them and promote their development, L e., to act as their nurse. 
When completely developed they pierce the envelope of their nurse 
and move abont IVeely iu the body of the snail until they paas through 
this also, and glide through the water witb a winding motion by means 
of their tail. In this form they had long been known to naturalists 
under the name of cercaria, Sttz; but their relation to the trematodes 
was nnknown notil quite recently. The cercaria afterward seeks a 
new host among the many inhabitants of the water, (flsb, mollusks, 
crabs, iusect-larvae, etc.,) i>enetrates them by means of its proboscis, 
and there loses both its tail and the sting of its proboscis, as no longer 
necessary to its new mode of living. It is now converted into a distoma. 

If the animal finds all the conditions necessary to its perfect evolu- 
tion in its new host, it continues to grow until it has attained maturity. 
If this la not the case, it remains small and sexless, surrounds itself 
with a transparent shell, which it secretes from the surface of its own 
body, and remains iu a state of rest and inactivity like a pupa until its 
host is eaten up by a larger and stronger animal. Heucc we find it iu 
the intestines, tbe gall-bladder, the biliary ducts, the kidueys, etc., of 
higher animals, especially of ruminants, (in the liver of sheep, cattle, 
goats, and deer;) also in asses, hogs, hares, etc., and iu rare cases in 
man. (Distoma hepaticum, L. ; IHstoma hwmatobium, Bilharz.'J 

Sometimes it happens that the progeny of the worm like nurse does 
not immediately assume the form of the cercaria, but that of the mother. 
Id that case an intermediate generation of larvie is produced, which 
act as nurses of the cercaria, so that the worm resulting from the em- 
bryo might be called the grand-nurse. 

Thus the numerous and fertile mnltiplication of germs by means of 
agamic reproduction counterbalances the difScolties and obstacles 
which these auimals have to encounter in their various migrations 
through other organisms before they reach their perfect form. 

Formerly the tapeworm was considered nothing more than a simple 
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/ 
animal Laving a head and an articalated body. Siuce Steenstrap's 
time, however, and especially through the more recent investigations of 
V. Siebold aud van Beneden, we know it to consist of a chain or colony 
of differently- formed individuals. The larger posterior joints (the so- 
called proglottides) represent the orgaus of generation, and contain 
many thousand eggs in their ramified ovaries. In these, microscopi); 
embryos are developed, which are discharged when the ripe joints foil 
off with the excrement of the host. The embryos do not then leave the 
egga at once, but remain in their envelopes, which are well fitted for re- 
sisting putrefaction or chemical agents, until the eggs are accidentally 
swallowed by some (usually an herbivorous) animal. In the intestines 
of the latter the embryo forces its way through the egg-envelope, 
softened by the digestive juices, pierces the Intestinal walls and neigh- 
boring tissues, until it reaches a vein and is carried by the blood to 
more distant organs, in whose parenchyma it remains. After losiug its 
embryonic hooks, the tape-worm larva grows to a bladder of varying 
size, along the walls of which numeroas buds (the later *' heads") arise 
in each a manner that the hollow body of the tape-worm head extends 
into the bladder. Such colonies were long known and considered as 
different species of animals. When one of them gets into the intestines 
of a larger animal, the bead or bud provided with hooks aud sackers 
is turned inside out, the bladder is digested, and the joints of the tape- 
worm (the real sexual, hermaphrodite individual) begin to grow behind 
the head. The reproduction of the tape- worm, therefore, passes through 
three different phases : The worm-like embryo or grand-nurse, the BO- 
callod tape-worm head or narse, and the mature sexual animal. 

With the exception of the salpie, we have so far only considered cases 
of metagenesis where the nurses are in the form of larvse. In the arthro- 
pods, among the diptera, we also find such nursing larvK — an entirely 
new and remarkable phenomenon first discovered in the f&\\ of 1861 by 
Nicholas Wagner, professor of zodlogy, in Kasan. It produced no small 
excitement among zoologists, and was the canse of so much astonishmeot 
that V. Siebold himself designated it as hardly credible on receiving, 
after some delay, Wagner's essay in the " Zeitschrift tUr wissenscbaftliche 
Zoologie," 1863, vol. liii, p. 513. Wagner coald not then describe 
. clearly the insect-larva which he had recognized as capable of roprodnc- 
tlon, and v. Siebold took it from the illustrations to be a cecydomyde 
larva. Not long after, however, Dr. P. Meinert,* of Copenhagen, not 
only fully confirmed his beautiful discovery, but extended it by proving 
the different phases of development up to the imago, which Wagneit 
had meanwhile also accurately investigated. Meinert calls it the mict- 
tor metralooi, but according to the later researches of our excellent 
dipterologist, Dr. Schiner, reported to the imperial zoological-botanicid 

* Zeiteabrift fUr wiuenacbafUiobe Zoologie, vol. xiv, p. 394. , 
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aociety iu February, 1865, it hardly seetuB to difier from the genoB 
heteropeza Wtnnertz. Beprodnction takes place by meana of germs. 
From seven to ten of these arise out of the accnmalatett plastic material 
JD the body of tUe " mother-larva," and develop to " daughter-larvre." 
The former ia thereby gradually destroyed, and the progeny tears her 
skin and passes out After three or five days the same process of 
germination be^ns in the new larva, and this continues from Angnst 
to Jnne, vhen all the larvce of the last generation simultaneously pass 
into the pnpa state. After three or four days the perfect insect, a 
small reddish-brown fly, emerges from the pnpa. The correctness of 
these observations was afterward verified by t. Bter and v. Siebold, 
and Professor Alexander Fagenstecher, of Heidelberg, observed the 
same thing in another species and accurately described it." 

Metagenesis, with mature individuals as nurses, is exemplified among 
the arthropods by the aphides. As early as the middle of the last cen- 
tary, Charles Bonnet t had already communicated exact observations on 
the peculiar and remarkable mode of reproduction of the aphides, (plant- 
lice.) These well-known enemies of our gardens and green-housea cover 
the leaves, shoots, and branches of certain plants in thick swarms, and 
defy all our exertions te get rid of them by their extreme fecundity. 
Daring the summer there is a series of nine or ten generations of fnllji- 
fonned but sexless animals, or nurses, which bring forth living young 
withont fecundation, and even without the presence of the male. Em- 
bryos are formed immediately from germs, which do not show the struc- 
ture of true ova. They separate from x>ecaliBr tubes (germiutd tubes) 
and develop in the body of the mother. In autumn the next to the last 
generation produces sexually-developed males and females, which reaUy 
cohabit. As in most insects, the male then {>erishes, while the female 
lays eggs, which hibernate and produce a new race of nurses the following 
spring. The anatomical examination of these animals, which was first 
undertaken by v. Siebold, and afterwards confirmed by I^eidig, shows 
that the viviparous individuals are welt developed, and resemble the 
oviparous females of the last fall generation, bat that they are sexless 
nurses, becauses they lack the seed-bladder belonging to all female in- 
sects, and are, therefore, incapable of receiving the male seed. 

All the phenomena of alternate generation were also called "Partheno 
genesis" by the excellent English anatomist, Richard Owen, in 1849,} 
and this name, although somewhat inappropriate, was generally received 
om account of its euphony. When, however, the surprising discoveries 
(ri* the last few decades put in question the theory that " every true egg 

• Zeitscbrift fUr 'vrissedechaftlicbe Ziwlogie, liv, p. 400. Further iaveatigation of 
tbis subject is commnnicated by Lenckalt, im TroacUera Aicbiv., year SJCXI, No. 3. 

t TraiM d'Insectologie, tome I : Paris, 1845. 

tOn PortheDogeBMie; a diaoonTse introdactery to the HimtMiBn Lecture* on gen- 
eration and deTelopneat for 1B49. Delivered at the Royal College of Surgeons of 
EaglAnd ; London, 1849. ., 
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cannot be developed into a new individual, (animal or plant,) anless it 
has been previously fructified by the action of the male seed," it seemed 
expedient to confine the term "parthenogenesis" to the new phenomena. 
In this sense it wa« first nsed by the ingenious founder of this important 
new theory, the distinguished zoologist of the Mnmcb University, 
Earl Theodor v. Siebold, in his paper on "True Parthenogenesis in But- 
terfiies and Bees; an Essay on the Beproduction of Animals. Leipsic, 
1856." 

Partheuogeoesis or virginal generalfou, according to Siebold, com- 
prises "those phenomena which demonstrate that true ova may be de- 
veloped into new individuals witboat the fecundating intervention of 
the male seed." 

There is no want of observations of former times according to which 
the eggs of virgin insects were said to have produced new individuals, 
but they were considered erroneous. Zoologists doubted that they were 
made with proper care, and attempted to explfun them in dilfereot forced 
ways, floally classing them under metagenesis. Among them are the 
communications of De Geer on the psychides, and of Herold on the silk- 
worms. In 1845 the celebrated apicnltnrist, K. Bzierzon, a Catholic 
priest at Karlsmarkt, east of Brieg, in PruBsiao Silesia, emphatically 
maintaioed in the "Bienenzeitnng," p. 113, that the eggs from which 
the male bees or drones originate are produced and developed by the 
sole inherent power of the mother bee without the action of male seed. 
This view at first seemed simply incredible to apiarists; they supposed 
that be had either deceived himself or intended to mystify others. But 
jrhen Dzierzon reiterated his statement he was severely attacked, and 
th$ dispute continued for a long time. 

Until 1852 Dzierzon stood alone against their attacks, but undaunted, 
nnconqnered. He could fall back on the experience of many years. 
Bvery oae knows that there are queens which produce only male pro- 
geny or drones, and never lay an egg from which mature fenudes, 
qneens, or stinted femfdes, workers are developed ; that there are others 
which may lay female eggs for a time but afterward become like the 
former, and that finally there are worker-bees which lay eggs, which 
give birth only to male individuals. 

Among the first-class Dzierzon ftequeotly found bees whose wings 
were lame. They were thus prevented from making their hymenial 
flight from which they would otherwise have returned impregnated. 
Other queens which laid male eggs from the beginning were hatched 
either very early or very late in the year, at a time when there were 
either no more or only very few drones left, so that their flight was in 
vain. Queens which at first laid normal eggs and afterward produced 
only drones were older individnals, whose stock of seed had become grad- 
naliy exhausted. Worker-bees, which sometimes lay eggs and never 
have any other male progeny, have never been and are indeed incapa* 
ble of being impregnated. From these facts Dzierzon concluded that 
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impregnation was unnecessary to the prodnction of drones. Tbat in 
common normal generation, where the queen returns impregnated from 
her Sight, the drones are developed from nufecundated eggs, t. e., from 
those through whose micropyles the spermatozoa hare not penetrated, is 
proved by Dzierzon &om the following fact : After the introduction of 
the Italian bee, {apia ligurica,) distinguished by the light color of its pos- 
terior abdomen, all the young drones from an Italian qaeen and a German 
father were true Italians, while the female progeny were clearly mixed. 

The convincing truth of these facts and the logical conclusions drawn 
fh>m them at last brought such eminent bee-masters as Faster Georg 
Eleine, of LUethorst, in Hanover, and Angnst v. Berlepsch, of Seebach, 
near Gotha, into Dzierzon's camp; but they found no entrance as yet 
into zoological science, because these practical men were unable to fur- 
nish the proper scientific proof to physiologists, who either did not know 
or purposely ignored these phenomena. 

The important discovery of the micropyle of the insect-egg, made 
almost simultaneously in 1854 by Meiasner,^ of Gottingen, and Leuckart,t 
of Giessen, raised the hope of the apiculturists, and seemed to make it 
probable that Dzierzon's views would be proved by scientific men. At 
the thirty-first meeting of German naturalists and physicians, held at 
Gottingen in 1851, Pastor Eleine succeeded in wiuniog Professor 
Lenckart for his cause just as the latter bad demonstrated his beautiful 
discoveries about the eggs of insects. Lenckart had never been able 
to obtain any bee-eggs, and was then for the first time, according to 
his own confession, initiated into the mysteries and problems of bee-life. 

The first direct proof of the existence of real parthenogenesis was 
furnished by Lenckart in the " Bienenzeitnng," 1855, p. 127, where he 
communicated the results of the microscopic esamioatiou of a queen-bee 
sent him by Baron Berlepsch. This queen had been hatched in Sep- 
tember, 1854, a time when no drones existed. The next spring she had 
filled fifteen hundred cells with male progeny. On dissection it became 
evident that the queen had not been impregnated. She was a normally 
formed female with seed-pouch and eggs ; but instead of spermatic fila- 
ments the former contained a perfectly clear liquid, devoid of granules 
or cells, j nst as in the pnpie of queens. 

In order to establish Dzierzon's view fully it still remained to be proved 
that in impregnated queens laying normal eggs, the males are also 
developed from unfecuudated eggs. Por this purpose Baron Berlep^h 
invited Professor Lenckart to Seebach, where he could institute micro- 
scopic investigations. Leuckart went there willingly, but be could not 
obtain a definite result, in spite of all bis long continued exertions. K. 
Tb. V. Siebold, who went to Seebach a few months later, by iovitatiou 
of Baron Berlepsch, and resumed Lenckart's researches, was more suc- 
cessful. He worked in vain for three days and declared that nothing 

* ZeitBchrift filr wisaeuacbafltibbe, Zoologi«, vi, 372. 
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coald be discovered by meaoB of tbe microscope. He was to retom 
next moniiufc, and the carriaf^ was already before the door, when be 
appeared liefore the baron and asked permission to remain one day 
longer. He stated that he had been unable to sleep on account of his 
want of success, and that a new method had occurred to him, which he 
desired to try." This method succeeded perfectly, and v. Siebold very 
frequeiitiy saw seed-fllamente (thirty-one times in fifty-two, and in two 
of these cases mobile) in the interior of the bee-eggs. But these sperma- 
tozoa were found exclusively in female eggs, and were entirely wanting 
in tbe male.t We therefore owe to Siebold's wonderful observations 
and laborious experiments tbe definitive establishment of Dzierzon's 
theory that the drone-eggs are developed partbenogenetically witboot 
impregnation by the male seed. This fact, abundantly confirmed by 
many accurate and oft-repeated investigations, and also by Lenckart's 
valuable work,} must now be received as scientifically estabbshed. 

When partbenogenetical reproduetion was thus undoubtedly proved 
in bees, the above-meutiooed mora ancient statements were carefully 
re-examined. In tbe Solmobia triquetrelta and tbe SolewAta lichenelU 
belonging to the moth family, it was found that the females (which were 
^roaght up from tbe caterpillar stage in a closed bos) laid numerons 
. eggs soon after leaving tbe pupue, and that these eggs produced small 
caterpillars. Y. Siebold dissected such moths before and after they 
laid their eggs, and found their ovaries constituted exactly like those 
uf other female bntterfiies, but not a trace of male spermatozoa could 
be discovered.^ Tbe eggs could not therefore he Impregnated, and 
mnst nndergo stwotaneous development. 

Of the remarkable apterous butterfly, P»yche kelix, Siebold, whose cat- 
erpillar makes a spiral bag, no one has yet been able to find tbe male, 
although it has been sought for over fifteen years. And yet these fe- 
males annually lay their eggs in the pupa envelope, which remfuns be- 
hind in the caterpillar bag, and in the fall these produce the caterpillars. 
On dissection, true eggs with micropyle, a seed-vessel, but always with- 
out male sjiermatozoa, and a copulating pouch are found. ThesA pecu- 
liarities preclude the opinion that the psyche female is only a nurse. 

V. Siebold and Schmid furthermore succeeded repeatedly in obtain- 
ing caterpillars from the eggs of a virgin silkworm, aud from those of 
the Smtritttkm, which became pupre and emerge<l as perfect male and 
female insects. 

A. Barthelemyll also confirms the existence of parthenogenesis in 

* BioiiGDEuitHng, 18G3, p. 222. 

t True FArthouogoDcsia, etc., p. 111. 

t Zur K^nntniBB dee Geoeratioas wechselsuail dei FarthenogeneDv, etc., Fraokfott, 
ItGS, p. 51. 

i Also Luckort, idrm, p. 45. 

I Etuilce e( CoDsid^ratioDB G^n^roles sar la Partb^nog^utoc, (Anualog de« SciciMM 
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Bombyx mori, aad fnmiBhes various proofs. He also observed tbe lay- 
lug of auimpregnated eggs by othar butterflies, which are hatclied if 
tbey belong to the first generation of the year, hot never survive tbe 
winter. 

Jonrdan* also observed true partbeuogeDesis in the silk-worm. 

At the forty-seventh meeting of iJwiss nataraliets at Snmadeu, de 
Filippi reported that healthy caterpillars were batched from the eggs of 
the Japanese silk-batterfly, although they had certainly not been fe- 
cundated, and mentioned a similar observation of Cnrtis on the Bombgx 
attag. 

In certain species of coccides Leuckart (p. 36) also fonnd partheno- 
genetical generation. In the Zecanium and Aspidwtus, for instance, tbe 
eggs are developed in tubes withont being previously impregnated, and 
tb$ spermatozoa are entirely wanting. In the genns Chermea {Ch. aMetis, 
Kaltenb.y Ck. laricis, Earling, Ck.picea, Eatsb., Phylloixra coccinea, Heyden) 
of the plant-lice, having, according to Leuckart,t both a winter and a 
winged summer generation, which latter was erroneoasly taken for 
males by Batzebnrg, reproduction proceeds by means of eggs withont 
previous impregnation. Leuckart examined two hnndred animals, and 
never found males but always females, and they virgins. Males do not 
seem to exist, or if they do, parthenogenetical reproduction seems to be 
the rule. Less accurate observations of the same kind were made by 
Dr. OrmerodJ on the Ve«pa britanniea, oaA. by Stone § on tbe Vetpa 
vulgaris. 

lienekart (pp. 105-107) has furthermore established tbe fact that in 
all other sociable Hymenoptera, as the bnmble-hee, the wasp, and the 
ant, as well as in the bee, parthenogenesis prevails. Egg-laying work- 
ers, which are exceptional with bees, are the rule with these animals. 
Fnture researches must decide whether their progeny is always male, as 
Hubor'8§ observations of bumble-bees seem to indicate. No doubt we 
win also find parthenogenesis with many other insects, such as the ter- 
mites and the gall-fly. In the gall-fly, a species of cynips, no male has 
yet been discovered, but only females. 

The experiments of Lievin and Zenker, which demonstrated the 
spontaneous development of the daphides, have been confirmed by J. 
Lubbock. Millions of the females of these animals, which are scarcely 
a line long, may be seen in summer moving about iu cisterns and other 
standing sweet waters. They multiply in rapidly succeeding genera- 
tions by means of auimpregnated or summer eggs in a cavity between 

'Compt. Bend., 1861, tome 5.1, p. 1093. 

tTroicheVa Arcbivea, vol. 'Xi, p. 20b. Sd^v^aeKTU seems to liave only aa ovipunina 
&•! eenemtion. 

t Zoulogiit, 1850; and Entoiuul. Annual for IBGO, p. S7. 

4 Proceedings Eutomological Society, 1859, p. 8G; Smith in Entomol. Annnol for 
l«I,p.39. 

ITransBctioDB of Lino. Society, 1802, vol. 6, p. 288. .-, . 
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tlie shell aud the back of tlie auimal, where they develop iuto iodlTid- 
uals exactly resembllug the motber,aud multiplying partheuogenetically 
OD separatiog from her. In the fall males are boni, which cohabit witli 
the females and produce one or two darkly-colored winter-eggs, which 
are enrrounded by a second firm envelope called the ephippium, to pro- 
tect them daring their hibernation. 

Although there can be do longer any doubt aboat the correctness of 
these facts, which have been eatablished by the repeated, careful, and 
accnrate observations of our most distinguished zoologists, aud although 
the existence of parthenogenesis among a nnmber of articulate animals 
Is proved beyond dispute, attempts are not wanting to render them bos- 
picious, and represent them as unreliable. Every truth differing from 
long cherished opinions is received slowly and with difflcalty. 

Tigri proposed, in a paper to the Paris Academy o( Sciences,* to ex- 
plain the parthenogenesis of the Bombyx mori by the snppositiou that 
there is a double cocoon containing two individuals, a male aud a female, 
which might have copulated before leaving their shell. This supposi- 
tion would presuppose the most extraordinary carelessness on the part 
of the above-mentioned observers. It amounts to charging them with 
not being able to distinguish a double from a single cocoon, or with neg- 
lecting to examine the organs of generation and determine the sex 
of the individuals. Errors of so crude a nature would hardly be com- 
mitted by men but little accguainted with methods of research, mnch less 
by naturalists of high standing. 

Sohaum* states that he cannot receive the theory of the partheno- 
genesis of insects, and thinks he can explain it away by an hypothesis 
of Pringsheim. According to this the queen-bee, and the workers 
which lay eggs, might be androgynous, and possess male organs of gen- 
eration besides their ovaries. In all cases where the skillful anatomists, 
V. Siebold and Leuckart, dissected such bees, there were no traces of 
testicles, so that the above supposition remains without foundation. 

The existence of hermaphrodite bees, which were observed by v. Sie- 
bold in the apiaries of Mr. Engster, of Constauz, Bavaria,t cannot be 
brought forward as a proof against parthenogenesis, but rather seems 
to confirm it. It was observed that the pure worker-bees drove the 
hermaphrodites out of the hive the moment they left their eggs, and did 
not even sufiTer them to remain on the board outside. The hermaphro- 
dites perished in a short time, and could never have reached the egg- 
laying stage, even if eggs had afterward formed in their originally 
empty ovaries. According to Pringsheim, every queen would have to 
be an hermaphrodite; but in the lance-winged and drone-producing 
queens, which were repeatedly examined by the above observers, no 
trace of androgynism or of spermatozoa could be found. 

• CuDi|)t. Rend., Iv, 1(«2, p. 106. 

t Berliner EnUim. Zeltscbrift, viii, p. 93. 

t C. Th. T. Siebold od ADdrogyaous Bcea, Zeitschrift fiir wiBAeoscbaftllche Zoolagit^ 
Tol. ziv, No. 1, and in the EicliatSdter Bicnonzeituug, jear xix, p. 3^ ^ |ij 
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Djbocosky also appeared against jmrthenogenesia in his inaugural dis- 
Bertation, "de parthenogeneai;" but bis objections are unfounded, and 
evince neither tborougb inveatigatioD not satisfactory knowledge of the 
sabject. The same is the case with various other objections brougbt 
forwfu^ by the opponents of parthenogenesis. None of them will stand 
test. 

The reliability of the theory is established beyond doubt by masy 
well-proved facts, and we may rejoice that we have thus gained a new 
and highly important law for the explanation of the most wonderful 
phenomena iu the animal kingdom. 
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OTf THE PKESENT STATE OF •UB KyOffLEDGB OF CBIFTOOAMOUS PLIVTS. 



[Trui*Lit«d for Che SuithBanlan loetitDtion, bj- PrefeBsar C. F. SnoBH.] 

In tlie last few decades many leadiug botaoists have giWD especial 
atteotiou to the study of cryptogamons plants, for tbey very properly 
recogoized the importaace to their science which a more perfect knowl- 
edge of the developmeot, growtti, and propagation, as well as of the strac- 
ture, of these simplest of organism would be. Through the combined 
labors of much talent, a large number of the most interesting dis- 
coveries have been made. An entirely new basis for this department 
of botany has beeu created, tbe previous views about seed-bearing 
plants in many respects reformed, and a very general interest excited 
in the subject. For this reason it seema proper for rae to report to 
this society, whose object is the diffusion of scientific knowledge, the 
present state of our iuformation with respect to the cryptogams. 

It is evident that it is only possible to give a condensed view of the 
most important facts, and to consider even these only in their general out- 
lines, in the short time allotted to a lecture. 

Th« cryptogams were almost wholly unknown to the ancients. Even 
Tkeophraatu* and Pedanius Dioskoridea enumerate only twenty species 
of them in their worbs. In the Middle Ages no progress was made in a 
knowledge of tliem. Attention was only paid to a few species of crypto- 
gams, to which were attributed medicinal or magical virtues. When, 
with the revival of classical learning and the reformation, science also 
received a fresh impulse, when Brunfels rejected tbe traditions of the 
old school and turned to the study of domestic plants and thereby cre- 
ated a new basis for botanical research, botanists were too much occu- 
pied with the observation of seminiferous plants to pay much attention 
to the lower orders. It was not until the beginning of the eighteenth 
century that two men appeared who actively took up tbe study of cryp- 
togams, and wlio must therefore be considered as the founders of this 
branch of tbe science. They areAotonioMicheb, superintendent of the 
botanic garden at Florence, and Johano Jacob Dilleuius, a German, 
who later became superintendent of the botanic garden at Eltham, 
and professor at the University of Oxford. I cannot enter into a de- 
tailed acconnt of the labors of these two fathers of cryptogamic botany ; 
let it suffice, therefore, to indicate that tbey represent llie two chief 
Bcbools which still characterize the study of cryptogams torday. 
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Micheli was an excellent; morphologist for his time, and made some very 
iutei-esting discoveries in bis line; Dillenius, however, was principally 
asystematizer; lie knew and described almost one thousand species 
of algae, lichens, mosses, and ferns. 

At last Carl von Linn4 appeared on the scene. He is known to eA-ery 
man of culture as one of the greatest of botanists, and as a scholar who 
reformed and influenced the whole study of natural history. He pro- 
posed what iscalled the 8esnal8y8tem,under which heclassified all known 
plants ; he introduced the nomenclature now in use ; he raised botany 
to the dignity of a true science. Occupied as he was with the phanero- 
gams, he found no time, and had, perhaps, no iuchnation to investigate 
the cryptogams. He contented himself with dividing this, the twenty- 
fourth class of his system, into the four orders of ferns, mosses, algte, 
and ftmgi, and distributing among them the materials furnished by 
Dillenius and Micheli. In his Spe&eg PUtntarum he mentions abouteight 
hundred kinds of cryptogams, distributed among fifty genera. Linne's 
indirect influence on this class of plants is muck more important, since 
he laid down general laws which his successors were to apply in de- 
tail. The following are some of the prominent men who carried ont 
Xiinn^'s ideas in the treatment of the cryptogams: Gmelio, Turner, 
Yancber, Dillwyn, and especially Aghard the elder, devot«d tbemselvee 
to the study of the algs. £rik Acharius laid the foundation for the 
study of lichens, and was assisted by Fldrke, Wallrotb, and Ernst 
Meyer. Fungi were. studied by Christian Persoon, with the assistance 
of Schaeffer, Bolliard, Bolton, and Link. Johann Hedwig inaugurated 
the study of mosses, and was seconded by Bridel, Schwagrichen, and for 
exotic mosses, by the elder Hooker. Ferns were made a specialty by 
Olaus Swsrtz, Willdenow, Kaulfuss, Schkuhr, Bemhardi, and others. 
Hedwig must be considered by far the most ingenious and eminent 
investigator of this period; he might properly be called the LinnS of 
cryptogams. His researches are read with preference. The Austrians 
especially are proud of him as their fellow-countryman. It wonid occupy 
too much time to describe the researches of Hedwig and the others, 
and I must therefore deny myself that pleasure. 

If we examine what was done in the investigation of cryptogams 
during the period of the LinntSau systems, we shall find that the efforts 
of botanists were chiefly directed to the discovery of new forms, to 
make short diagnoses, and to classify them artificially according to 
certain characteristics. Hedwig and the other authors of that time 
furnish only a few though valuable data concerning their peculiarities, 
formation, and anatomical structure. It was left to the most recent 
epoch of botanical studies to unite these isolated materials into a 
harmonic whole. In this epoch, comprising scarcely more than three 
decades, botany, and especially the knowledge of cryptogams, has 
made immense progress. 

The representatives of Linud's views had accumulidod a iinass of 
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comprehensively arranged material. Botnoista, however, gradually be- 
came conscious that their system should not be only an arrangement of 
plants according to certain arbitrary characteristics, but that their 
essential peculiarities and natural relations among themselves must be 
considered in their classification; iu other words, that they must estab- 
lish a natural system. Jnssicu made the first successful attempt to 
build up such a system. Amoug the French, de Gandolle, and among 
the English, Bobert Brown, the two Hookers, and Lindley perfected it. 
In Germany, and especially in Austria, it fonnd its most perfect; ex- 
pression in our genial aud renowned compatriot', Professor Stephan 
Endltcher, with whom must be mentioned his friends and colleagues, 
Professors Feuzl and Unger, my highly-esteemed teachers. 

The change which the natural system produced in the direction of 
botanical research, ever made it more necessary to study out the laws 
of the growth, formation, reproduction, and propagation of plants; to 
And out with accuracy the relations existing between their different 
organs, and to investigate the origin and development of the whole 
plant and its separate parts, down to the most elementary organisms. 
Thus morphology became a separate branch of botany through the 
endeavors of Bobert Brown, Boper, Alexander Braun, Schloideo, 
Schacht, Hofmeister, and others. 

Morphological studies naturally led to a more accurate consideration 
of the structure aud the processes of planMife. The microscope had 
meanwhile been greatly improved, aud many botanists took up this 
branch with predilection. In this way the anatomy aud i>hysiology of 
plants reached a point, through the excellent labors of Hugo von Slohl, 
Unger, NUgeli, Schachft, and others, which bad not before been thought 
possible. 

Excursions to all parts of the world were undertaken by conrageons 
investigators, who not only enriched the science with a great many new 
forms, but rendered it possible to determine the laws of the distribution 
of plants over the whole earth ; so that Alexander von Humboldt was 
enabled to produce a masterly sketch of botanical geography. 

In a measure, as mutual intercourse was facilitated, more life was in- 
fused into scientific research ; a great number of scientific societies 
and periodicals were established where the results of investigations 
were deposited. So many of these publications appear now that it is 
extremely difficult, if not impossible, to examine them all. Duriug this 
great progress of botany in general, the cryptogams were not neglected. 
Indeed, many of the most thorough scholars made a specialty of 
these simplest of organisms. The important discoveries became so 
numerous in this department that it was entirely revolutionized. 
I will endeavor to present to you a condensed view of the most im- 
portant achievements. For this pnrpose the mateHal has been divided 
iuto five groups : algae, lichens, fungi, mosses, and ferus. In each of 
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theBe I Gball first consider the most important points of tbeir morphol- 
ogy and anatomy, and afterward their classidcation. 

We will begin with the algce. The reform in their stndy waa inao- 
gnrated by two works which appeared almost simultaneously, KiitzinsfB 
Phycologia untversalia and Kageli's latest algse systems. KUtzing pre- 
sents a view of his organograpblc and anatomical studies, and bases 
upon them a new system of algse, illnstrating it by means of plates. 
The Spmea Algarum and the Tt^uUEphycologicw, containing a description 
and-pictnre of all species of algse, may be considered as supplements 
to his great work. KUtzing, no doubt, had greater facilities for the 
study of algse than almost any other investigator. He was the first to 
examine the separate organs and the structure of fuci, and to found 
this branch of phycology. He broke np the classification of the old 
genera, which contained a chaotic mass of the most different forms, 
. and separated them into natural groups. TJntbrtunately, Kiitzing re- 
jected the usual nomenclature, and employed one of his own, thus mak- 
ing his work very difGcuIt to understand. In his classification be splits 
up his material into too many untenable species, making it almost im- 
possible to examine the whole. 

Niigeli exerted a no less important influence on the study of the al- 
gse. In his algse systems and in his work on one-celled algse, this 
renowned anatomist shows his nnsnrpassed acnteness of ot>servation in 
his description of the structure and mode df life of those small organ- 
isms which cannot be recognized with the unaided eye. He showed-that 
the increase of the separated cells depends upon mathematically determ- 
inable lawa These he developed for many species, and we may say that 
he created a sure mathematical basis for the study of the algse. Since 
laws, valid in the whole vegetable kingdom, can be educed most easily 
from the algse, the simplest organisms, NUgeli's researches are of great 
valne to the whole science of botany. Starting from his discoveied 
principles, Nageli planned an algse system of his own ; but here he was 
less successful. 

Beside these two princii>al works, a great number of large and small 
dissertations have been published. Among these the following are 
the most important: The works of Alexander Brauu on the life and 
development of microscopic forms, are worthy of being placed side by side 
with those of Nageli. In them, and especially in the classical work On 
rejoveuation in the vegetable kingdom, be has produced real master- 
pieces of short but very attractively written monographs, calculated to 
excite the interest of every man of culture. Professor Cohn, another emi- 
nent scholar, has given to the world a series of masterly and thorough 
essays on the Volvotirue, which had until then been classed as animals. 
De Barry's dissertation on the ConjttgaUx does not fall short of the other 



The brilliant discovery of the zo&spores of algse was made by Pro- 
fessor Unger, who observetl the formation of these movable cells in 
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tiieVaucheria clavafa DC, and proved that they possessed eilia as organs 
of locomotion, and that they germinated into a plant like the parent. 
Many investigators have furnished further data concerning the 
existence and the structure of these interesting bodies, but the 
most complete researches were published by Thuret in his essay, "Sur 
ies zoospores des algcEsP He had observed zoospores in soverat hun- 
dred species, and illustrated them in a masterly manner. We leara 
from these iuvestigations that the above spores are the unsexual organs 
of reproduction in the algx, and may be compared to the buds of 
higher plants. 

The interesting and instructive process of fructi&cation in algJB has 
been studied with equal accuracy. Although the great physicist, 
Reaumur, had suspected the existence of organs of fructification in 
fuci, Thuret was the first to prove it directly and scientifically. He 
demonstrated that the small indentations on the surface of the Fucacea, 
the so-called conceptacles, contained both the male and female organs 
of fructification, (the antheridia and oogonia;) he observed the forma- 
tion of antherozoids and the penetration of the spermatic filaments into 
them ; he explained how the spore was developed after fructification. 
In fresh-water alg33, Pringsheim first succeeded in directly proving 
the existence of froctifjing organs in the Vwucheriay Oedogonium, and 
Coleochate. Cohn followed with his interesting observations of the 
^haeroplea annuUaa and the Volvocinw. These observations prove the 
following mode of fructification in the algne: the so-called seed fila- 
ments penetrate the membraneless mass of the antherozoids, which are 
then surrounded by a cellular membrane and converted into stationary 
spores. These are the direct opposites of zoospores, and may be com- 
pared td the seeds of higher plants. 

The results of this and many other researches have enabled as to 
gain sufiScient insight into the growth, reproduction, and propagation 
of these plants, and it will he the task of coming investigators to con- 
tinue the work on this basis. 

If we now turn to the classification of the alg%, we shall see that 
excursions to the different seas of every zone hare enlarged our ac- 
quaintance with the forms of this class. Excursions to the Antarctic 
and to the northern part of the Pacific Ocean have furnished us with 
the grandest specimens of lichens, and liave shown us that marine 
vegetation does not reach its highest development in the tropical 
oceans, but in the Arctic and Antarctic polar seas. KUtzing's and 
Nilgeli's contributions have already been meutioned. In the third sup- 
plement to his Qeneribm PlanUirum, Endltcher published, together with 
Diessing, a systematic table of this class, distinguished by the happy 
arrangement into families and genera. A very important work is 
Species genera et ordiites algarum, by Aghard the younger, which, al- 
though it only contains the Fucoid^a and Floridea, surpasses all other 
publications in the original natural grouping of his matarials, and by 
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liappily keeping within bounds in bis gubdivisioDs. Besides Aghard's 
work, we must mention tlie publications of Harvey on tlie Antarctic 
algte, the works of Postels and Ruprecht on the alg» of the north 
Pacific Ocean, anii a number of monographs ou single families or 
floras. 1 can only name the most important; toenumerate them all wonld 
lead me too far : the works of Smith and Balfs on the British J>hi- 
toms and Desmida^ that of De Barry on Conjugata, the beautiful es- 
says of A. Braun, and among the Austrians the excellent publications 
of Grunow, especially ou Diatoms. Finally, I must not forget to men- 
tion that Br. Babenhorst has done much to promote the diffusion of 
accurate knowledge concerning the species of cryptogamous plants by 
his work on the Cryptogamic Flora of Germany, and by his later publi- 
cations, especially his dried collection of cryptogams. 

The structure of the vegetative organs of the small but interesting 
gronp of Charac&B was investigated by the interesting labors of Bischoff 
and A. Braon. Thnret published important information concerning 
the antheridia; Carl MUller investigated fiructiflcation, and Pring- 
sheim germination. Their classification was improved, especially by 
A. BrauD, ftt>m whose master hand we may expect a monograph of the 
CharacetE. 

If we now turn to the lichens, we will see that the views of the pe- 
riod of Linux's system long remained in credit, and that reform was 
late and gradual. Consequently the number of eminent discoveries 
iu this department has been smaller, and its organography is still far 
from being satisfactory. Speer8«haeider, it is true, has furnished as 
with some valuable data concerning the structare and manner of 
growth of the thallns; but we are indebted for the most accurate in- 
formation on this subject to Schwendeuer, who h^ published in two 
dissertations the result of his investigations of shrubby and foliaceons 
licheus. We know now that the thallns of lichens consists of three 
different layers, an outer orenvelope fonniuglongfibrous cells, a middleor 
gonidium composed of roundish cells filled with chlorophyll, and an 
inner or pith ol'the same structure as the outer. The behavior of these 
three layers, which was in\'estigated particularly by Schwendener, ftir- 
nishesmany points for classification. ESrberhaspublisbedaDezcellent 
dissertation on the gonidia or generating cells of lichens. He states that 
these cells break through the envelope, become changed and converted 
V into the so-called soredia. These observations establish the fact that 
the soredia are the organs of generation of lichens, and correspond to 
the buds of higher plants. 

Many hav« studied the bowl-shaped fruit or apothecium of lichens, 
but the data are scattered through different works. Tulasne's work, 
"Sur I'Appareil Beproducteur deg XicAenes," is of special importance, 
since it proves that lichens have another kind of fmit, forming small 
dents and containing minute, straight, and narrow cells. They are 
called spermagottia, and are probably the male organsiof irnctiflcation. 
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Tbe process of fructification has hitherto beeo observed with certainty 
by Karstea in the Coenogottium only. 

The excellent work^ of Elias Fries and Wallroth, which date back to 
the sway of Linn^'s system, are still of great importance for pnrposes 
of clas^fication. Yon FloCow has indirectly exerted great influence on 
the stady of lichens. His most proraiaeDt scholar, Korber, has inauga- 
rated a great reform in his two principal works, the lAchenea Qermanim 
and the Parergia UckenologioU. He created a new system, resting upon 
aQ anatomical and organographic basis, and made more natural and 
sharply defined subdivisions. He was ably assisted in his work by our 
compatriot Massalongo, whose tables are unfortunately incorrect. The 
works of Mylander are of great value ; his Sytu^ais Lichenum comprises 
all known species. Its publication is still contiuned. Hepp did much 
to make the European st>ecies known by tbe description of his collec- 
tioDB and the investigation of tbeir spores. Finally, we must not pass 
over tbe works of Krempelhnber, which are at present cootined to do- 
mestic species ; bat this excellent scholar will soon have a more extend 
sive field of operation. 

We DOW come to the largest and most interestiog, bat at the same 
time the most diflScnlt class of cryptogams — the fungi. Their sudden 
appearance and growth, their ephemeral nature, and the multiplicity of 
their forms, have always been a source of trouble to investigators, and 
even the most indefatigable of modem mycologists have been able to 
lift but partially the veil which hangs over the life and development of 
these organisms. 

Far ahead of its time in organography stands the work of Professor 
Uoger, on the exanthema of plants ; for in it we find the first attempt 
to describe the development of mildew-fungi. Although the leading 
idea of the whole work, that these fungi were the diseased products of 
the plants on which they are found, was not confirmed, the rich treasure 
of new facts laid down in this beautiful work retains its full value. 
Corda, another fellow-countryman, has also written on fungi, and dis- 
covered many interesting forms in the fiingi of mold. He was thus 
enabled to gain some insight into the life and development of these 
organisms. In his principal work, the leones Fungorum, he represents 
all forms of fungi knowu to him ; ]{ut some of his observations have 
aofortnnately been hastily made and consequently inaccurate. BuG we 
shonld not forget that Corda lived in unfavorable external circumstances; 
that for along time he bad not the means of procuring a microscope, and 
that he finally met with a tragical death. Tbe ship in which he had 
gone to Texas in 1S49 foundered on his return voyage to Earope, and 
nothing has been heard of him since. Tbe works of the Tulasne broth- 
ers throw new. light on many chapters of this branch of study. They 
show that there exists a great difference between the fungi of mildew 
and those of mold ; that in the former not only spermogonia, but also 
spores of different forms are produced, which bad formerly been dis- 
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tributed among different genera. They alao studied the interesting 
process by which the germs and spores of the mildew-fangi are devel- 
oped. In their classical dissertation, " Sar VErgot de Seigle," they 
showed that the well-known black fungas, or genn, a^ well a& all other 
similar fonns hitherto classed as iScteroiics, were not perfectly developed 
organisms, but rather a peculiar klud of mycelium, analogous to the 
tubers of higher plants. Itis from them that the tractifying fungi are 
developed. In the great work, " Fungi hypogei," the above-mentioned 
authors give us a more thorough acquaintance with trufges than their 
predecessors, and, in their essays on the ABcomgcetw, they lay before 
us many interesting points about these organisms, proving that they 
contain several kinds of spores, as well as spermogonia and spermatia. 
In their principal work, the Selecta Fungorum carpologka, the Talasne 
brothers present to us a rich collection of observations, the introduction 
to which is of especial interest because it furnishes a view of the Tesolts 
of morphological researches. The tables are executed in a masterly 
manner, and leave all similar productions far behind. In the same de- 
partment the Germans are well represented by De Barry. He consid- 
erably extended our knowledge of mildew-fungi, and was the first to 
make experiments on the inoculation of their spores. He succeeded 
in discovering the remarkable history of the development of mueus- 
fungi. He showed that in them the mycelinm is wanting, and that 
from the germinating spore a peculiar body is formed, which is gradu- 
ally converted into plaamodium, a substance without an aoalogne in the 
vegetable kingdom, and finally into the perfect fungus. He Barry 
studied the potato fungas, and proved the existence of zoospores in it, 
and in others of the same family. Finally, he discovered the organs of 
fructification of fungi in a parasite {PerOTusspora Alnnearam Caap.) living 
on the Stellaria media. The results of his brilliant discovery were fully 
couflrmed by Fringsbeim's masterly observation of the Saprolegmia, ia 
which the latter also found zoSspores and similar fructification. Cor- 
responding results were found by Hofmeister in the fecundation of 
tmffles. According to these observations the fructification of fungi 
takes place as follows : The antheridium tonches the vogonium, one of 
its processes penetrating an opening in the membrane of the latter and 
discharging either seed, filaments, or its contents, which are commu- 
nicated to the antherozoid. The latter, which before was membraneless, 
is now surrounded with a cellular membraue, and becomes the station- 
ary spore of the plant. Hoffman has made comprehensive researches 
on the germination of the sporesof fungi, and Pasteur's excellent works 
give us information on the part which fungi play in fermentation, bf 
proving that they are nothing mere than common mold-fungi iq a pe- 
culiar stage of development. All these achievements, great ae they 
may seem, are nothing more than preparatory labors for Ute solution of 
the organography of fungi, a great problem of the future. 
Tke works of Elias Fries are the standard on the classiflcatlmi of 
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fuD^. Since the'publication of liis Sifstema mi/cologlcum, aboat forty 
years ngo, no work baa appeared which inclndes all orders, genera, and 
siieciea of this class. Indeed, the works of Fries are so excellent thiit 
they may be held up as models to all botanieal authors. The writer, who 
passed a third of his unusually long life in the wooils, where he studied 
fuugi, acquired a wider experience than any other. He has grouped the 
genera naturally, and descril>ed the species with true Liun^'un precision. 
His work is, therefore, the basis of all mycological studies. The other 
authors contented themselves either with writing local floras or study- 
ing single orders for the pnrfiose of furnishing materials for a future 
Systema mycologicvm. Many excellent works of this kind have been pro- 
duced, esi>ecially those of Leveill^, Bonorden, Fresenius, De Barry, and 
the thorough treatises on exotic forms by Montaigne and Berkeley. 

In the class of the mosses, the morphological studies of many thor- 
ough scholars have progressed so far that these plants are now among 
the most perfectly known. Mirbel has furnished interesting data on 
the structure of the leaves and the development of the sporangia of the 
Mardiantia polt/morpha. The works of Bischoff on liverworts, although 
treating cliiefly of classification, present a great many new observations 
on the structure and development of the fruit. The excellent natural 
history of liverworts by Nees von Esenbeck,to which I will revert again, 
furnishes many important contributions to organography. A celebrated 
essay of Hugo von Mohl on the spores of acrogens proves that four 
spores are formed in every cell, analogous to the formation of pollen- 
cells, tiottscbee, finally, has published very thorough essays on the 
Rtructuro and development of single groups of liverworts. All these 
writings are left in the shade, however, as far as the organography of 
ferns and mosses is concerned, by those of Hofmeister, the most prom- 
inent investigator of the subject. This excellent scholar has set him- 
self the task of pursuing the development of the acrogens down to the 
simple cell, and he has succeeded in many cases. Through him we know 
how the germ of mosses is formed and grows, how the stem is devel- 
oped, and how the leaves appear and form. We not only understand 
the structure of the nntheridia perfectly, and know how the seed fila- 
ments are formed, bnt we have also gained au insight into the structure 
of the archegonia. We are able to follow exactly the process of fructi- 
fication, and see how the complicated moss-fruit is developed after fruc- 
tification by the archegonium, from the riccia, the most simple type, up 
to the most highly-developed forms, according to one fundamental idea. 
Hofmeister has illustrated all these discoveries with excellent drawings, 
80 that the study of his masterpiece, "Comparative investigations iu 
the development of the higher cryptogams," is one of the most grate- 
ful tasks, although it is a very laborious one, on account of the peculiar 
manner in which it is written. 

Hofmeister's work is also the most important source for the morpho- 
logical study of foUaceoua mosses. N&gdi has determined tbQ laws of 
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growtb of tlie vegetative orgaDS with tbesann? mastery as in his treatise 
on tbe algaa. Hugo von Mohl explains in a very simple manner tlie 
interesting phenomena atteniliog the vegetation of peatmossea iu a 
short but thorough essay on their perforated cells. Carl Muller explains 
the remarkublo existence of lamela on the leaves of the polytrichaceae, 
and Lantzius Bcninga shows how the riiie capsule, the spores and the 
peristome are developed. Schiraper's " Keckerchea sur Vorganograpbie 
rfe» moaases" and the introduction of his " S)/nopsis Muscornm europaeo- 
rum " are of great value ; for, in both works, we not only find the Jesuits 
of organographic researches gathered, but we also find them enriched 
by numerous observations of his own. 

Passing to the most important works on classification, we must grant 
the first place to Nees vou Esenbeck for his excellent natural history of 
European liverworts, since it is the foundation of our present \iews of 
this branch of botany. He divides up the genera of bis predecessors 
in a very natural manner, and his descriptions of species are masterly. 
His distinguishing characteristics are always sharply defined. The 
principles applied with such excellent success on European species 
were also brought to bear on exotics by Nees von Esenbeck, Gottschee, 
and Lindenberg, who published together the St/nopsts Hepaticarum, 
which is considered the standard work. Unfortunately, there are no 
illustrations of all species of this class ; for the best are still to be found 
in " British Jungerinannia:,^' published 1820, or thereabouts, by Hooker. 
Lindenberg endeavored to supply the deficiency by his Species Heptttt- 
carum, but after several excellent monographs of single genera had ap- 
])eared the publication ceased. Later ones were liuiited to the description 
of new material or the better description of single genera. Among 
them must be mentioned the excellent treatises of Gottschee, the Hepa- 
ticw Javanic(E of Van der Sandc Lacosta, and the works of Montaigne, 
Taylor, Mitten, and Da Notaris. 

The appearance of the Bryologia Huropea exercised a refonning influ- 
ence on the study of the mosses. Several excellent scholars, with W. 
Ph. Sehimper at the head, determined to describe aud depict ull species 
of mosses known iu Europe in a manner adequate to the demands of the 
time. They mutually controlled their results for fifteen years, when the 
work was completed iu six stately volumes of more than six hundred 
tat>les, and it now forms our basis for the study of these plants. Iu it 
the genera were more naturally (although sometimes weakly) divided 
and better arranged. In the description of the species, the organograph- 
ical and anatomical points, especially the reticulation of the leaves, were 
for the first time considered. Excellent illustrations facilitate the recog- 
nition of the species, and make it possible in some cases which had 
before presented difficulties. After the appearance of the Bryology, 
Hchirnper published a fine monograph on the European peat-moss, and 
a more general Bi/nopsia Muscoru)a Etiropeorum. It is hoped that this 
cAselleut scholar will soon be able to realize his long-eberished plan, the 
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pnblication of a work on all the monses, for we may well expect some- 
tbing excellent from him. The next author of importimce is C. Miiller, 
who published a synopsis of all knowu mosses, intwo volnmes. lie de- 
serves onr thorough appreciation for his diligence iu collecting the ex- 
isting material. His views on system, however, are less happy. Led 
by the consideration of certain characteristics, he often classifies very 
different species together, and separates those closely related. Among 
other writings on exotic mosses, we must mentioned Dozy and Molken- 
boer'a ^* Musdinediti Archipelagi Ttidici,^ andtkair ^^ BryalogiaJavanica^ 
which was coutinned after their death by Van der Bosch, and Van der 
Sande Lacosta. They follow the same plan as the " Bryologia Europea," 
and are, therefore, of great value. The works of Sallivant, on the moss 
flora of North America, and those of Wilson, Mitten, and Hampe, are 
also of considerable importance. 

In the livst class, thatof the ferns, aserieaof the most important discov- 
eries was inaugurated by Niigeli. He observed that the antheridia. or 
male organs of fructification, were developed upon the prothaDium, 
which originates directly from the germinating spore. Count Lesczyc 
Saminski followed up his discovery by proving that the prothallium 
contaii^d also the archegonia or female organs. Through these two 
brilliant discoveries new prospects were opene<l for the morphology of 
ferns. We recognized that iu this whole class of plans Itnctificatiou was 
effected on the small prothallium, and that the foliage, which we had been 
accustomed to take for the whole plant, was developed only when frnctifica- 
tion had taken place. Sehaeht, ilettenius, and especially HoJ'ineister, 
deserve great credit for following up these discoveries. The brilliant re- 
searches of the latter author iu particular, have made known to us the 
esact process of fecundation, and we now uuderstand that the so-called 
large and small spores of the selaginella and water-fern are nothing 
more than the female and male organs of these plants. Hofmeistcr has 
furthermore ascertained with unexampled acuteness the laws according 
to which the leafy plant is developed from the impregnated germ-vesicle 
of the archegonium, and also how the stem grows, and how the fans are 
formed. Although Hofmeister came to the erroneous conclusion that the 
latter were not true leaves, but peculiarly transformed branches, the value 
of thegraud discoveries of this most original and thorough of all organo- 
graphists of the acrogeus remains unimpaired. Hugo von Mohl has 
drawn a masterly picture of the structure of the stem of tree-ferns, in 
his classical desertation, which has since Itecii developed more iu detail, 
■ partly by himself and portly by other authors. The most thorough in- 
vestigation of the development of the iudusiumandsporanginmaredue 
to Schacht. 

Besides the older works of Kaulfuss and ICuuze on the classifica- 
tion of ferns, wc must meutiou especially the numerous pteridographic 
works of Hooker, which haveconsiderahlj" advanced our knowledge of 
the subject by their excellent illustrations. The works of K. B. Pitsl 
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are of great importaoce, and of especial iuterestto us Aastriaiia. In liis 
" Tentamen JPeiridographta," tbis thorougli seholar has studied the retic- 
ulation of feraa more accurately than any of his predecessors, intro- 
duced new names, and endeavored to divide the class into more natural 
genera. Although he sometimes goes too far in this direction, we cannot 
but appreciate his earnestness, cousisteucy, and cxteusive iuformatioo. 
FfSe attempted to follow iu Presl's footstejts, but he was less successfal, 
and liis works must be used with .caution. Our most distinguished 
jiteridographist, Mettenius, successfully opposed the tendency to split 
up the existing material into too many untenable genera and species, Id 
his excellent work on the ferns of the Leipsic botanic garden, and in a 
series of critical essays, which mostly api)eared in the Senkeberg Mu- 
seum. Slay this distinguished scholar indefatigably pursue and ulti- 
mately attain his object ! Moore deserves great credit for his verycrit- 
cal index of all ferns, for the introduction of many tropical specimens, 
and for publishing {together with Newman) the first work in which na- 
ture was successfully employed to print herself. Lowe's "British and 
Exotic Ferns" is also a valuable illustrated work. Besides all these 
there are many special publications on single species. Tbe following 
are among the most important : Milde's Essays on the Equisetaceie and 
Domestic Ferns; PresI Van der Bosch and Mettenius on Ilymenopbyllefe; 
Spriug's Afonograph of the Lycopodiacex ; and A. Braun on Isoetes, 
and Water-FeruB in General. 

This then is a coudensed review of the most important achievements 
in cryptogamy within the last few decades. Taking tbem altogether, 
we may say that t<his bmiich of botany has made more progress in tbis 
l>eriod than in all preceding times, and that it has now indeed become 
a scieuce. The study of the cryptograms is no longer confined 
to a few isolated scholars as formerly, but it is exciting general 
interest, and many excellent investigators are making it their fa- 
vorite subject. Morphology was not only founded, but even completed 
and established for certain clitsses. Numerous and highly important 
anatomical and physiological data have been furnished ; tbe classifica- 
tion has in the last period been reformed in accordance with tbe latest 
views, and various authors have endeavored to obtain a natural arrange- 
ment of species, and have succeeded in many cases. 

Although much has been accomplished, much stillremains to be done, 
and we need the combined efforts of many. Sfay, therefore, the interest 
in cryptogamous plants ever become more general and lively, and may, 
especially in Austria, many scholars and amateurs turn their attention 
to tbis branch of botany ! Tbe most grateful results will sorely reward 
their exertions. 
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KECENT BESEABCUES OX THE SECULAR TARIATI0X8 OF THE FUNETABI 
ORBITS.- 



By Joii.n N. Stockwell, 

The reciprocal gravitation of matt«r produces disturbances in tlie 
motions of the heavenly bodies, causing them to deviate from tlie elliptic 
paths which they would follow, if they were attracted only by the suu. 
The determination of the amount by which the actual place of a planet 
deviates from its true elliptic iilace at any time is called the problem 
of planetary perturbation. The analytical solution of this problem has 
disclosed to mathematicians the fact that the inequalities in the motions 
of the heavenly bodies are produced in two distinct ways. T^he first 
is a direct disturbance in the elliptic motion of the body; and the second 
is produced by reason of a variation of the elements of its elliptic motion. 
The elements of the elliptic motion of a jdanet are six in number, viz : 
the mean motion of the planet and its mean distance from the sun, the 
eccentricity and inclination of its orbit, and the longitude of theuode 
and perihelion. The first two are invariablci the other foui llPFaubject 
to both i>eriodic and secular variations. 

The iuenualities in the planetary motions which are produced by the 
direct action of the planets on each other, and depend for their amonnt 
only on their distances and mutual configurations, are called periodic 
inequalities, because they pass through a complete cycle of values in a 
comparatively short period of time; while those depending on the varia- 
tion of the elements of the elliptic motion are produced with extreme slow- 
ness, and require an immense number of ages for their full development, 
are called secular inequalities. The general theory of all the planetary 
inequalities was completely develo[)ed by La Grange and La Place, 
nearly a century ago; and the particular theory of each planet for the 
periodic inequalities was given by La Place in the Mecanique Celeste. 

The determination of the periodic inequalities of the planets has hith- 
erto received more attention from astronomers than has been bestowed 
upon the secular inequalities. This is owing in part to the immediate 
requirements of astronomy, and also in part to the less intricate nature 
of the problem. It is true that an approximate knowledge of the secu- 
lar inequalities m necessary in the treatment of the periodic inequalities ; 
but since the secular inequalities are produced with snch extreme slow- 
ness, most astronomers have been content with the supposition that 
they are developed uniformly with the time. This supposition is snffl- 
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cieotly near the trutU to be admissible in most astronomical inrcstlga- 
tions during the comparatively short period of time over wliich astro- 
nomical observations or human history extends; but since the values 
of these variations are derived from the equations of the dififerential 
variations of the elements at a particular epoch, it folloirs that they 
afford us no knowledge respecting the ultimate condition of the plane- 
tary system, or even a near approximation to its actual condition at a 
time only comparatively remote from the epoch of the elements On which 
they are founded. But aside from any considerations connected with 
the immediate needs of practical astronomy, the study of the secnlar 
inequalities is one of the most interesting and important departments of 
physical science, because their indefluite continuance in the same direc- 
tion would ultimately seriously affect the stability of the planetary 
system. The demonstration that the secular inequalities of the planeU 
are not indefinitely progressive, but may be expressed analytically by a 
series of terms depending on the sines and cosines of augles which 
increase uniformly with the time, is due to La Grange and La Place. 
It therefore follows that the secular inequalities are periodic, and differ 
from theordinary periodic inequalities only in the length of time requir«l 
tocompletethecycleof their values. The amount by which the elements 
of any planet may ultimately deviate from their mean values can only he 
determined by the simultaneous integration of the differential equations 
of these elements, which is equivalent to the summation of all the infi- 
nitesunal variations arising from the disturbing forces of all the planets 
of the system during the lapse of an infinite period of time. 

The simultaneous integration of the equatious which determine the 
instantaneous variations of tho elements of the orbits gives rise to a 
complete equation in which the unknown quantity is raised to a power 
denoted by the number of planets, whose mutual action is consideretL 
La Grange first showed that if any of the roots of this equation were 
equal or imaginary, the finite expressions for the values of the elements 
would contain tbruis iuvolving arcs of circles or exponential qnantittes, 
without the functions of sine and cosine, and as these terms would 
increase indefinitely with the time, they would finally render the orbits 
so very eccentrical that the stability of the planetary system would be 
destroyed. In trder to determine whether the roots of the equation 
were all real and unequal, he substituted the approximate values of the 
elements and masses which were employed by astronomers at that tinio 
in the algebraic equations, and then by determining the roots he 
found them to be all real and unequal. It, therefore, followed, that for 
the particular values of the masses employed by La Grange, the equa- 
tions which determine the secular variations contain neither arcs of a 
circle nor exponential quantities, without the signs of sine and cosine; 
whence it follows that the elements of the orbits will jrerpetually oscil- 
late about their mean values. This investigation was valuable as a 
first attempt to fix the limits of the variations of the iilanetary plemeutsj 
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bnt, being based npon values of tbe masses whicli were, to a certaia 
extent, gratuitously assumed, it was desirable that tlie important tnitbs 
which it indicated should be established independently of any conside- 
rations of a hypothetic character. This magnificent generalization was 
eftected by La Place. He proved that, whatever be the relative masses 
of tlie planets, the roots of the equations which determine the periods 
of the secular inequalities will all bo real and unequal, providetl the 
bodies of the system are subjected to this one condition, that they ail 
rerolre round the sun in the same direction. This condition being satisfied 
by all the members of the solar system, it follows that tbe orbits of the 
planets will never be very eccentrical or much inclined to each other by 
reason of their mutual attraction. The important truths in relation to 
the forms and positions of the planetary orbits are embodied in the two 
following theorems by the author of the JI/ecaMig|MeCeteste; I. J/ihemass 
o/each planet be multiplied by the product of the square of the eccentricity 
and square root of tite mean distance, the sum of all Uteae products will 
aiimys retain the same magnitude. II. If the mass of each planet be mul- 
tiplied by the product of the square of the inclination of the orbit and tlie 
square root of the mean distance, the sum of these products will always 
remain invariable. Now, these quantities being couiputed for a given 
epoch, if their sum is found to be small, it follows from the preceding 
theorems that they will always remain so; consequently the eccentri- 
cities and inclinations cannot increase indefinitely, but will always be 
confined within narrow limits. 

In order to calculate the limits of the variations of the elements with 
precision, it is necessary to know the correct vatnes of the masses of all 
the planets. Unfortunately, this Ituowledge has not yet bceu attained. 
The masses of several of the planets are found to be considerably difi'er- 
ent from the values employed by La Grange in bis investigations. 
Besides, be only took into account the action of the six principal planets 
which are within the orbit of Uranus. Consequently bis solution afforded 
only a first approximation to tbe limits of the secular variations of the 
elements. 

The person who next undertook the computation of the secnlar ine- 
qnalities was Pont6coulant, who, about the year 1834, published the 
third volume of his Ikeorie Analytique du Systime du Monde. In this 
work he has given the results of his solution of this intricate problem. 
But the numerical values of the constants which be obtained are totally 
erroneous on account of bis failure to employ a sufficient number of 
decimals in his computation. Our knowledge of the secular variations 
of the planetary orbits was, therefore, not increased by his researches. 

In 1830 Le Verrier had completed his computation of the secular iue- 
qnalities of the seven principal planets. This mathematician has given a 
few and accurate determination of the constants on which the amount of 
the secular inequalities depend; and has also given the coeiBcients for 
<»rrecting the values of tbe constants for differential variations of the 
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masses of the different planets. This investigation of Le Verriei's has 
been used as the groundwork of most of the snbsequent coirecttous of 
the planetary elements and masses, and deservedly holds the first rank 
as authority concerning tlie secular variations of the planetary orbits. 
But le Veirier's researches were far from being exhaustive, and he 
failed to notice some carious and interesting relations of a permanent 
character in the secular variations of the orbits of Jupiter, Saturn, and 
Uranus. Besides, the planet Neptune had not then been discovered ; 
and the action of this planet considerably modifies the seculai- inequali- 
ties whicb would otherwise take place. We will now briefly glance at 
the results of our own labors on the subject. 

On the first examination ofthe works ofthose authors who had investi- 
gated this problem, we perceived that the methods of reducing to num- 
bers those analytical iutegrals which determine tlie secular variations 
of the elements, were far from possessing that elegatice and symmetry 
of form which usually characterizes the formulas of astronomy. The 
first step, therefore, was to devise a system of algebraic equations, by 
means of which we should be enabled to obtain the values of the unknown 
quantities with the smallest amount of labor. It was soon found to he 
impracticable to deduce algebraic formulas for tbe constants, by tlie 
elimination of eight unknown quantities from as many linear symmet- 
rical equations, of sufficient simplicity to bo used in the deduction of 
exact results. It therefore became necessary to abandon the idea of a 
direct solution of the equations, and to seek for the best approximative 
method of obtaining rigorous values of the unknown quantities. This 
we have accomplished as completely as could bo desired, and by means 
of the formulas which we have obtained, it is now possible to determine 
the secular variations of the planetary elements, with less labor, i>erbaps, 
than would be necessary for the accurate determination of n comet's 
orbit. The method and formulas are given in detail in a Memoir ou the 
Hecular Variations of the Eitnnmts of the Orbits of the Eight Principal 
Flaneta, now being published in vol. XVIII, of the Smithsoni<ia Cotttri- 
hutiona to Knoieledge. 

After computing anew the numerical coefficients of the differential 
equations of the elements, we Lave substituted tlem in these equations, 
and have obtained, by means of successive approximations, the rigorous 
values of the constants corresijonding to the assumed masses and ele- 
ments. The details of the computation are given in the memoir referred 
to, and it is unnecessary to speak of them here. AVe shall, therefore, 
only briefly allude to some of the conclusions to which our comifuta- 
tions legitimately lead. 

The object of our investigation lias been the determination of the 
numerical values of the secular changes of the elements of the planet- 
ary orbits. These elements are four in number, viz : the eccentricities 
and inclinations of the orbits, and the longitudes of the nodes and 
perihelia. The questions that may legitimately arise in regard to the 
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eccentricities and inclioations relate chiefly to their mngnitude at any 
time; hut we may also desire to know tiieir rates of change at anytime, 
and the huiits within which they will perpetually oscillate. Ju regard 
to the nodes and perihelia, it is sometimes ueccssary to know their rela- 
tive positions when referred to any plane and origin of coordinates ; 
and also their mean motions, together with the amount hy which their 
actual places can differ from their mean places. With respect to tlie 
magnitudes and positions of the elements, together with their rates of 
change, wo may observe that our e<]uationB will give them for any 
required epoch, hy merely suhstitntiug in the formulas the interval of 
time between the epoch required and that of the formulas, which is the 
beginning of the year 1850. An extended tabulation of the variations 
of the elements does not come within the scope of onr work ; and we 
leave the computation of the elements for special epochs to those inves- 
tigators who may need them in their researches. We shall here give 
the limits between which the eccentricities and inclinations will always 
oscillate, together with the mean motions of the perihelia and nodes 
on the tixed ecliptic of l>iDO ; and shall also give the inclinatious and 
nodes referred to the invariable plane of the planetary system. 

For the planet Mercury, we find thatthe eccentricity ia always included 
within the limits 0.1211943 and 0.2317185. The mean motion of its 
iwrihelion is 5",463803 ; audit performs a complete revolution in the 
heavens in 237,197 years. The maximum inclination of his orbit totbe 
fixed ecliptic of 1S50 is 10^ 36' 20", and its minimum inclination is 
30 47' 8" . while with respect to the invariable plane of the planetary 
system, the limits of the inclination are 0° IC 41" and 4^^ 44' 27". Tbe 
mean motion of the node of Mercury's orbit on the ecliptic of 1850, and 
on the invariable plane, is in both cases tbe same, and equal to 5".126172, 
making a complete revolution in the interval of 252,823 years. Tlie 
amount hy which the true place of the node can differ from its mean 
place on the ecliptic' of 1S50 is equal to 33^^ 8', while on the invariable 
plane this Uniit ia only 18° 31'. 

For the planet Venus, we find that the eccentricity always oscillates 
Detween and 0.0706329. Since the theoretical eccentricity of the orbit 
of Venus U a vanishing element, it follows that the perihcliou of her 
orbit can have no mean motion, but may have any rate of motion, at 
different times, between notiiing and infinity, both direct and retrograde. 
The position of her perihelion caunot therefore be determined within 
given limits at any very remote epoch by the assumption of any par- 
ticular value for the mean motion, but it must be determined by direct 
computation from the finite formulas. The maximum iuclinatiou of her 
orbit to the ecliptic of 1850 is 4'^ 51', and to the invariable plane it is 
33 16'.3 ; while the mean motion of her node on both planes is indeter- 
minate, because the inferior iiniib of the inclination ia in each case 
equal to uotliiug. 

A knowledge of the elements of tbe earth's orbit is especially inter- 
esting and important on account of the recent attempts to establish a 
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counectioD between geological phenomena and tetrestrifil temperatures, 
in so far as the latter is modified by the rariabte eiicentricity for her 
orbit. The amonnt of light and heat received from the snn in the conrse 
of a year depends to an important extent on the eccentricity of tbe 
earth's orbit ; but the distribntion of the same over the surface of the 
earth depends on tbe relative x>08ition of the iterihelion of the orbit 
with respect to the equinoxes, and on the obliquity of the ecliptic to the 
equator. These elements are subject to great and irregular variatious; 
but their laws can now be determined with as much precision as the 
exigencies of science may require. We will uow more carefully examine 
these elements, and the consequences to which their variations give rise. 

As we have already comput«d the eccentricity of tbe earth's orbit at 
intervals of 10,000 years, during a period of 2,000,000 years, by employ- 
ing the constants which correspond to tbe assumed mass of the earth 
increased by its twentieth part, we here give the elements correspond- 
ing to this increased mass. We therefore find that the ecceutricity of 
the earth's orbit will always be included within tbe limits of ami 
0.06938SS ; and it consequently follows that the meait motion of the peri- 
helion is indeterminate, although the actual motion aud iiosition at any 
time during a period of 2,000,000 years can be readily fonud by means 
of the tabular value of that element. The eccentricity of the orbit at 
any time can also be found by means of the siime table. 

The inclination of the apparent ecliptic to the fixed ecliptic of 1S50, 
is always less that 4^ 41' j while its inclination to the invariable plane 
of the planetary system always oscillates within the limits 0° O* and 
3° 0'. It is also evident that tbe mean motion of the node of the 
apparent ecliptic on the fixed ecliptic of 1850, and also on the invariable 
plane, is wholly indeterminate. 

The mean value of the precession of the equinoxes on the fixed eclip. 
tic, and also on the apparent ecliptic, in a Julian year, is eqnal to 
50".43S230; whence it follows, that the equinoxes perform a complete 
revolution in the heavens in the average interval of 25,094.8 years ; but 
on account of the secular inequalities in their motion, the time of revo- 
lution is not always the same, bnt may differ from the mean time of 
revolution by 281.2 years. We also find that if the place of the equinox 
be computed for any time whatever, by using the mean value of preces- 
sion, its place when thus determined can never difTer from its true place 
to a greatcrextenttban3°C6'20". The maximum and minimum values 
of precession in a Julian year are 52".GC4080 and 48" .212398, respect- 
ively, aud since the length of the tropical year depends on the annual 
l>recession, it follows that the maximum variation of the tropical year 
is equiil to the mean time required for the earth to describe an arc which 
is equal to the maximum variation of precession. Now this latter quan- 
tity being 4".451CS2, and tbe sidereal motion of the earth in a second of 
time being 0".041067, it follows that the maximum variation of the tivpi- 
cul year is equal to 10S.40 seconds of time. In like manner, if we take 
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the ditfereoce between tbe present ralne of precession and tlie maximani 
and minimum valnea of the same qnantit;, we shall find that tlie tropi- 
cal year may be shorter tbaa at present by 59.13 seconds, and longer 
tban at present by 49.27 seconds. We also find that the tropical year 
is now shorter than iu the time of Hipparchus, by 11,30 seconds. 

The obliquity of the equator to the apparent ecliptic, and also to the 
fixed ecliptic of 1850, has also been determined. The variations of this 
element follow a law similar to that which governs the variation of pre- 
cession, although the maximum values of the inequalities arc consider- 
ably smaller than those which affect this latter quantity. Tbe mean 
value of the obliquity of both the apparent and fixed ecliptics to the 
equator is 2'-i° 17' 17". The limits of the obliquity of the apparent ecliptic 
to tbe equator are 24° 35' 58" and 21° 58' 31!"; whence it follows that the 
greatest and least declinations of the sun at the solstices can never differ 
fram eaeh other to any greater extent than 2° 37' 22". And here we may 
mention a few, among the many happy consequences, which result from 
tJie spheroidid form of tbe earth. Were the earth a perfect sphere there 
would be no precession or change of obliquity arising from the attraction 
of tbe sun and moon ; tbe equinoctial circle would form an invariable 
plane in the heavens, about which the solar orbit would revolve with an 
inclination varying to the extent of twelve degrees, and a motion equal 
to the planetary pi-ecession of the equinoctial points. The sun, wlien at 
the solstices, would, at some periods of time, attain the declination of 
'2Q° 17', for many thousands of years; and again, at other periods, only 
to ly^ 17'. The seasons would bo subject to vicissitudes depending on 
the distance of the tropics from the equator, and the distribution of solar 
light and heat on the surface of the earth would be so modified as essen- 
tially to change the character of its vegetation, and the distribution of 
its animal life. But the spheroidal form of the earth so motlifles the 
secular ohanfica in the relative positions of the equator aud ecliptic that 
the inequalities of precession and obliquity are reduced to less than one- 
quarter part of what they would otherwise be. The periods of the secular 
changes, which, in the case of a spherical earth, would require nearly 
two millions of years to pass through a completecycleof values, are now 
reduced to periods which vary between 20,000 and 53,000 years. The 
secular motions which would take place in the case of a spherical earth 
are so modified by the actqal condition of the terrestrial globe that 
changes in the position of the equinox aud equator are now produced in 
a few centuries, which would otherwise require a period of many thou- 
sands of years. This consideration is of much imiwrtance in the investi- 
gation of the reputed antiquity and chronology of those ancient nations 
which attained proficiency in the science of astronomy, and the records 
of whose astrououiical labors are the only remaining monument of a 
highly iutelli'ctnal people, of whose existence every other trace has long 
since passed away. For it is evident that, if these changes were much 
slower than they are, a much longer time would be required in order to 
produce changes of sufiicient magnitude to be detected by observation, 
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aud we sliould be unable to estimate the iDterral betweea the epoclis of 
elements which differed by only a few thousand years, since they woald 
manifestly be so nearly identical with our otfu that the value of legitimate 
conclusions would be greatly impaired by the noavoidable errors of the 
obseirations on which they were based. 

The duration of the different seasons is also greatly modified by the 
eccentricity of the earth's orbit. At present the suu is north of the 
equator scarcely 186J days, and south of the same circle about ITSJ days ; 
tbuB making a difference of 7J days betweeu the length of the summer 
and winter at present. But when the eccentricity of the orbit is nearly 
at its masimum,andits transverse axis also passes through the solstices, 
both of which conditions have, in past ages, been fulfilled, the summer, 
in one hemisphere, will have a period of 10$^ days, and a winter of only 
166^ days, while, in the other hemisphere, these conditions will be re- 
versed ; tiie winter having a period of 19S j days, and a summer of only 
166.J days. The variations of the sun's distance from the earth in the 
course of a year, at such times, is also enormous, amountitig to almost 
one-serenth part of its meau distance — a quantity scarcely less than 
13,000,000 of miles ! 

Passing now to the consideration of the elements of the planet Mars, 
we find that the eccentricity of his orbit always oscillates within the 
limits 0.01S475 and 0,139035 ; and the mean motion of hts perihelion is 
17",78i456. The maximum inclination of his orbit to the tixed ecliptic 
of 1850, and to the invariable plane of the planetary system, is 7° '2S' and 
5° 56' respectively. The minimum incliuation to both planes being 
nothing, the mean motion of the node is indeterminate. 

The secular variations of the orbits of Jupiter, Saturn, Uranus, and 
Neptune, present some curious and interesting relations. These tour 
planets compose a system by themselves, which is practically Independ- 
ent of the other planets of the system. 

The maximum and minimum limits of the eccentricity of the orbits of 
these four planets are as follows : 

MasimuDi eccentricity. Minimum eccentrici tj. 

Jupiter O.00OS271 0.02.5i923 

Saturn 0.0843289 0.0123719 

TJranns 0.0779653 0.0117576 

Septune 0.0145060 0.0055729 

The mazimum and minimum inclinations of their orbits to the invari- 
able plane of the planetary system have the following values : 

Maximnm iucliDBtioD. Minimum iuclination. 

Jnpiter oo 28' 56" 0° 14' 23" 

Satnrn 1 39 47 10 

TJrauus 1 7 10 54 25 

Xeptnne 47 21 33 43 
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The perihelia aud nodes of their orbits have the following mean mo- 
tious in a Juliati year of 365^ days : 

Mean motion of perihelion. ■ Mean motion of node on the 
invariable plane. 

Jupiter + 3".716607 — 25".934567 

Saturn +22 .400848 —25 .934507 

Uranas + 3 .716607 — 2 .916083 

Septano + .016085 — .061066 

But the most curious relation developed by this investigation per- 
taiug to the relative motions and positions of the perihelia and nodes of 
the three planets Jupiter, Saturn, and Uranus. These relations are ex- 
pressed by the two following theorems : 

I. The mean motion of Jupiter's perihelion is exactly eqtial to the mean 
motion of the perihelion of Uranns, and the mean longitudes of these peri- 
helia differ by exactly 180°. II. The mean motion of Jupiter's node on the 
inrariable plane is exactly equal to tJial of Saturn, and the mean longitudes 
of these nodes differ iy exactly 180°. 

We also perceive that the mean motion of Saturn's perihelion is ver>- 
nearly six times that of Jupiter and Uranus, and this latter quantity is 
very nearly six times thatof Neptune; or, more exactly, 985 times the mean 
motion of Jupiter's peij^helion is equal to 103 times that of Saturn, and 440 
times the mean motion of Keptiine's perihelion is eqaal to 73 times that of 
Jupiter and Uranus. The perihelioa of Saturn's orhit performs a com- 
plete revolution in the heavens in 57,700 years ; the perihelia of Jupiter 
and Uranus in 348,700 years ; while that of Neptune requires no less 
that 2,101,560 years to complete the circuit of the heavens. In like 
manner the nodes of Jupiter and Saturn, on the invariable plane, perform 
a complete revolution in 49,972 years; that of Uranus in 444,432 years; 
while the node of Neptune requires 1,958,092 years to traverse the eir- 
cuuiference of the heavens. The motions of the nodes are retrograde 
and those of the perihelia are direct ; thus conforming to the same law 
of variation as that which obtains in the corresponding elements of the 
moon's motion. 

We may here observe that the law which controls the motions and 
positionsoftheperiheliaoftheorbitsofJnpiterand Uranus is of the utmost 
itii|)ortanco in relation to their mutual perturbations of Saturn's orbit. 
Fur, in the existing arrangement, the orbit of Saturn is affected only by 
the difference of the perturbations by Jupiter and Uranus ; whereas, if 
the mean places of the perihelia of these two planets were the same, 
instead of difTering by 180°, the orbit of Saturn would be affected by the 
Bom of their disturbing forces. But notwithstanding this favoring con- 
dition, the elements of Saturn's orbit would be subject to very great 
perturbations from the superior action of Jupiter, were it not for the 
comparatively rapid motion of its perihelion ; its equilibrium being main- 
tained by the very act of perturbation. Indeed, the stability of Saturn's 
orbit depends to a very great extent upon the rapidly varying posiCioos 
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of its transverse axis. For, if tlie motions of tlie perihcliii of Jiipiter 
and Saturn were very nearly tbe same, tbe action of Jopiter on the 
eccentricity of Saturn's orbit would be at its tnaximum valne during 
very long periods of time, and thereby produce great and permaaent 
changes in the value of that element. But, in the existing conditions, 
the rapid motion of Satnrn's orbit prevents such an af.cumulation of 
l^erturbation, and any increase of eccentricity is soon cbauged Into ii 
corresponding diminution. Tbe same remark is also applicable to the 
perturbations of the forms of tlie orbits of Jnpiter and Uranns by tho 
disturbing action of Saturn; for the secular variations of Jupiter's 
orbit depend almost entirely upon the influence of Saturn, because the 
planet Neptune is too remote to produce much disturbance, and the 
mean disturbing influence of Uranus on the eccentricity of Jupiter's 
orbit is identically equal to nothing, by reason of the relntiou which 
always exists between tbe perihelia of their orbits. We may here observe 
that the ecc'eutricity of the orbit of Saturn always increases, while that 
of Jupiter diminishes, and vice versa. 

The consequences which result ftom tbe mutual relations which always 
exist between tbe nodes of Jupiter and Saturn, on the invariable plane 
of the planetary system, are no less interesting or remarkable with re- 
spect to the position of the orbit of Uranus tli^tn those which resnlt 
from the permanent relation between the perihelia of Jupiter and Uranus 
are with respect to the form of the orbit of Saturn. The mean disturbing 
tone of Saturn on the inclination of the orbit of Uranus is about four 
times that of Jupiter ; but as these two planets always act ou the iuclina- 
tions in opposite directions, it follows that the joint action of the two 
planets is equivalent to the action of a single planet at the distance of 
Saturu and having about three-fourths of his mass; so that the orbit of 
Uranus might attain a considerable inclination from the superior action 
of ISaturu if allowed to accumulate during the lapse of an unlimitetl 
time, at its maximum rate of variation depending on the action of this 
plauet. But such an accumulation of perturbation is rendered forever 
impossible by reason of tbe comparatively rapid motion of the nodes of 
Jnpiter and Saturu, with respect to that of Uranus, on the invariable 
plane. By reason of this rapid motion, the secular changes of the inclina- 
tion of the orbit of Urnnus pass through a complete cycle of values in 
the period of 56,300 years. The corresponding cycle of perturbation in 
the eccentricity of Saturn's orbit is 09,140 years. It is the rapid 
motioD of the orbit with respect to the forces in the one case, and 
the rapid motion of the forces with respect to the orbit, in the other, 
that gives permanence of form and position to the orbits of Saturn and 
Uranus. 

The mean angular distance between the perihelia of Jupiter and 
Uranus is exactly 180° ; but the conditions of the variations of these 
elements arc suRicientty elastic to allow of a considerable deviation on 
each side of their mean positious. The perihelion of Jupiter may differ 
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from its mean ])lace to the extent of 24° IC, and tbat of ITranas to the 
extent of 47° 33' ; and therefore the longitudes of tlie iierihelia of these 
two planets can differ fiom 180° to the extent of 71° -13'. The nearest 
approach of the perihelia of these two planets, is, therefore, 108? 17'. 
, In like maniter the longitudes of the nodes of Jupiter and Saturn, od 
the invariable plane, can suffer considerable deviations from thoir mean 
positions. The actual position of Jupiter's node may difter from its 
mean place to the extent of 19° 38' ; while that of Saturn may deviate 
from its mean place to the extent of 7° 7'. It therefor© follows that 
their longitudes on the invariable plane can differ from 180° hy only 
20° 45'. Their nearest possible approach is 153° 15', while their present 
distance apart is 1CG° 21'. 

The inequalities in the eccentricity of TIeptune's orbit are very small 
and the two principal ones have periods of 013,900 years, and 418,000 
years, respectively. Strictly speaking, the periods of the secular inequali- 
ties of the eccentricities and perihelia are the same for all the planets ; 
aod the same remark is equally applicable to the nodes and inclinations. 
Bat the principal inequalities of the several planetarj- orbits are different, 
uuless they are connected by some permanent relation, similar to that 
which exists between the perihelia of Jupiter and Unmus, or the nodes 
of Jupiter and Saturn. Thus the principal inequalities affecting the 
iucliuatiou of the orbits of Jupiter and Saturn have the same periods for 
each planet, and these periods are, for the two principal inequalities, 
51,280 years, and 50,303 years. lu like manner the principal inequali- 
ties in the eccentricities of Jnpiter and Saturn depend on their mutual 
attraction, and have a period of 09,141 years. The secular inequalities 
of those orbits which have no vanishing elements are composed of ternjs, 
of very different orders of magnitude ; and it frequently happens that 
two or three of these terms are greater than the sum of all the remaining 
ones. In such cases the variation of the corresponding element very 
approximately conforms to a much simpler law, and the maxima and 
minima repeat themselves according to defiuite and well-defined 
cycles. But with regard to the orbits of Veuus, the Earth, and Mars, 
the rigorous expressions of the eccentricities and inclinations are com- 
posed of twenty-eight periodic terms, having coefficients of considerable 
magnitude; and this circumstance renders the law of their variations 
extremely intricate. 



The method we have adopted for finding the coefficients of the cor. 
rcetions of the constants, depending on finite variations of the different 
planetary masses, consists in supposing that each planetary mass re- 
ceives in succession a finite increment, and then finding the values of 
all the constants corresponding to this increased mass in the same man- 
ner as for the assumed masses. Cy this means we have a set of values 
curresponding to the assumed masses, and another set con'espouding to 
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a fiuite incrcmeut to each of tlie planotarj- masses. Then, taking the 
(lifl'ereuce between the two sets of constants, and dividing by the incre- 
ment which produced it, we get the coefficient of the rariation of the 
constants for any other finite increment of mass to the same planet; bnt, 
on account of the importance of the eartli's mass, and the probable in- 
accnracy of its assumed value, we have prepared separate solutions cor- 
responding to the eeveml increments of ^, ^, and ^jf of its assnmed 
mass ; and a comparison of the values which the different solutions give 
for the superior limit of the eccentricity of the earth's orbit has sug- 
gested tlie inquiry whether there may not be some unknown physical 
relation between the masses and mean distances of the different planets. 
The same peculiarity in the elements of the orbit of Venus is also fonnd 
to depend u|K)n particular valaes of the mass of that planet. But with- 
out entering into details in regard to the peculiarity referred to, we 
here give the several values of the masses of these two planets ivliicti 
ire have employed in our computations, and the corresponding valnes 
of the superior limit of the eccentricity of their orbits : 
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These numbers show that if the mass of Venus were to be increased, 
the sui>erior limit of the eccentricity of her orbit would also increase 
until it had attained a maximum value, after which a further increase 
of her mass would diminish that limit ; and the same remark is also 
applicable to the eccentricity of the earth's orbit. 

The above numbers indicate that the superior limit of the eccen- 
tricity of the orbit of Venus is n maximum if the mass of that planet 
is equal to 'n'o(l -|- -^j^*-), or, if m'=Tiijoi "^ t''® sun's mass; and the 
sui»erior limit of the eccentricity of the earth's orbit is a maximum if 
the earth's mass is cqnal to m"t[l+^^^--), or, if m" =-:ri^Tas <*f t^® s""'* 
mass. But this value of the earth's mass corresponds to a solar paral- 
lax of S".730, a value closely approximating to the recent determiDO- 
tions of that element. 

Jf, then, the mass of Venua is equal to ^j^T/nt ^^^ ^^^ mass of the 
earth « equal to ^n^j^js, it follows that the orbits of these two planets 
will ultimately become more eccentric from the mntnal attraction of the 
other planets than they would for any other values of their respective 
masses; and we may now inquire whether such coincidence between 
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the sai>erior limits of tbo eccentricitiea and the masses of these two 
plaoets has any phyBical significance, or is merely accidental. 

Since the mean motionB and mean distances of the planets are invari- 
able, and independent of the eccentricities of the orbits, it nould seem 
that there coald be no connection between tliese elements by means of 
which the stability of the system might be secnred or impaired ; but a 
more careful examination ahowa that, although the mean motions or 
times of revolution of the planets are invariable, t^eir actual velocities, 
or the variation of their mean velocities, depends wholly on the eccen- 
tricities ; and were any of the planetary orbits to become estremely 
eJhptictd, the velocity of the planet would be anbject to great variations 
of velocity, moving with very great rapidity vhen in periheliou, and 
with extreme slowness when in the neighborhood of its aphelion ; and 
it is evident that when the planet 'was in this latter position a small for- 
eign force acting npon it might ao change its velocity as to completely 
change the elements of its orbit, by causing it to fall upon the sun or- 
fly oQ* into remoter apace. A ayatem of bodiea moving in very eccen- 
trical orbits is therefore one of manifest instability ; and if it can also 
be shown that a ayatem of bodies moving in circular orbits is one of 
anatable equilibrium, it would seem that, between the two supposed 
conditions a system might exist which should possess a greater degree 
of stability than either. The idea is thas saggeated of the esiatence of 
a system of bodies in which the masses of the different bodies are so 
adjusted to their mean distances as to insure to the system a greater 
degree of permanence than would he possible by any other distribution 
of masses. The mathematical expression of a criterion for such distri- 
bution of masses has not yet been fully developed ; and the preceding 
illustrations have been introduced here, more for the purpose of calling 
the attention of mathematicians and astronomers to this interesting 
problem than for any certain light we have yet been able to obtain in 
regard to its solution. 
J8s71 
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ON SOME METHODS OF IXTERPOLUlOy AFFLiCABLE TO THE GKIBUATIOS 
OF IBBEGVLAB 8EBIES, Sl'CH AS TABLES OF HOBIALIII, Ac, Ac. 



By Ebastls L. Db Fohbst, M. A., 
Of WaieHevm, Connecficuf. 



[The portiona of the folloiving methoda of iateipolation comprising tbo formulas 3, 
8, A, B, C, U, E, F, U, 12, 13, 17, 19, SO, 21, 24, 25, 9B, 27, 28, 30, 43, 44, 45, 46, 48, 49, ^od 
50, wete preseoteil to the SmitbiioniaD lustitutioD for publicntioD iQ the year 1668. llie 
mi-thod of constroctlDg tables of uortalitj from tno inccaasive ceaeus eaameratiouB 
vriu first ((iven id JnQDOTjr, 1869, aud the fonuolas 40, 41, 43, 53, 54, 55, 56, aud 59, 
JD JaDOary, 1870.^7. U.J 

We have no aoalyticfll formula which expresses the law of mortality 
with precision, and at the same time with much simplicity as to be prac- 
tically useful. For all the purposes of life insurauce aud life annuities, 
it is expressed by numerical seriea The law is known to vary in dif- 
ferent localities, and even in the same locality at different epochs. That 
which prevails in any coiomanity, at a given period, can be ascertained 
by enumerating the persous living at the various ages, and the deaths 
vbich annually occur among them. Reduced to one of its usual forms, 
it is expressetl in a statistical table, showing, out of a certain number of 
persons bom, how many survive to complete each successive year of 
tbeirage. These numbers of the living form a diminishing series of 
about one hundred terms, whose first differences are the numbers dying 
during each year of age. We have reason to believe that a true law of 
mortality is a continuous function of the age, free from sudden irregn- 
larities, so that in a perfect table the second, third, &c, orders of differ- 
ences of the series ought to go on continually dimiuiabing, and each 
order by itself ought to show a certain degree of regularity ; in other 
, words, the table should be well graduated. Bat, in point of fact, 
all purely statistical tables are irregular, especially when the popula- 
tion observed has beeu small, and every table of mortality now in use 
has been graduated artificially. It was not strange that the Carlisle 
table, derived from records of population and deaths in a single town, 
shonld show many irregularities. They have been adjusted to some 
extent, but very imperfectly. The Combined Experience table, also, 
^bich was compiled from the records of seventeen British life insurance 
olQces, owes its better graduation to art rather than to nature. Fan's 
English life-table, No. 3, for males, derived from the census returns of 
1841 and 1851, and from the registry of deaths in England aud Wales 
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for the seventeen years from 1838 to 1854, though perhaps the best «• 
pression we have for the law of general mortality, is by do means well 
gradnated. lu this case the popolation observed was so large that if 
the tables had been formed directly from the eoumeiation of persons 
livJDg and persons dying in each single year of age, and if these obser- 
vations conld hare been relied upon as accurate, any irregidarities then 
existing in the series might possibly have been thought to result miin 
something peculiar in the law of life at certain ages. But it was neces- 
sary to combine the single years of age into groups, owing to the impos- 
sibility of ascertaining ages with precision. AH persons were required 
to give their exact ages at last birthday, but the reports stat« that 
round numbers, such as 50, 60, &c., were disproportionately numerous, 
showing that the ages were not always correctly given. In forming the 
life-table No. 3 the years of age were grouped together into decennial 
periods chiefly, and the whole term of lite was then divided into five 
unequal parts, so as to form a chain of sub-series, each of the fourth 
order, and not continaons at their points of junction. We most con- 
clude, then, that the great irregularities now found at certain pointa ia 
the series resnlt from imperfect distribution, and not from any irregu- 
larity in the tme law of mortality. 

A good system of distribution or a^instment, thongb not positively 
essential in practice, is nevertheless desirable, first, because a Judiciously 
adjusted table probably comes nearer to the truth than an unadjusted 
or ill-adjusted one ; that is, nearer to what the statistics would show if 
the population observed conld be made indeflnitely large, and if the 
numbers, for each year of age conld be independently determined. 
Secondly, if the primary table is well graduated, all the varions series 
of numbers derived from it, forming the usual " commutation tables" 
and tables of premiums and valuations of assurances and annuities, 
will be well gradoatod also, and this will sometimes facilitate the 
computation of such tables, because a part of the tabular numbers 
can be accurately found by ordinary interpolation, and errors of com- 
putation can be discovered by the method of difTerencea Many writers 
on the law of mortality have treate<l of the subject of adjut«tmeut, as 
may be seen in the pages of the London Journal of the Institute of 
Actuaries and Assurance Magazine, and elsewhere. The rule of least 
squares was.nsed to adjust the American table given in the report of 
the United States census of 1860. (See the Appendix on Average Rate 
of Mortality, pages 518 and 52^1.) The series there given, however, is 
not very thoroughly graduated, as can easily be shown by tuking its 
successive orders of differences. In England, the " law of Gompertz" 
has been chiefly taken as a basis. But it is not necessary to adopt any 
exclusive theory respecting the precise nature of that function which 
expresses the law of mortality. The following system of distribution 
and graduation is based upon principles which apply to any contiuuons 
series of numbers, and is analogous to the ordinary mettiodjS of iutoi^ 
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polation. It is not without interest when regarded from a purely 
mathematical point of view. The general question as to how an 
iiregalar series can be made regular is answered b; meaus of the 
obvious principle that, althoagh single terms in a series may deviate 
considerably from the normal standard, yet the arithmetical means of 
eaccesslve groups of terms will be less flnctnating, because the errors 
of the single terms which compose each group tend to compensate each 
other, and also because the means of two groups which are partly com- 
posed- of the same terms must necessarily approximate toward each 
other as the number of terms common to both is increased. In ordinary 
interpolatioD, we proceed from some known single terms in a series to 
find the values of other terms ; in the present case, however, all single 
terms are unreliable, and the problem is to determine the single terms in 
a series when only the arithmetical means of some groups of terms are 
given. To find expressions for the sum, and consequently the me^n, of 
tlie terms in any group, we shall make use of the known priucii^e that, in 
a continuous series whose law is given or assumed, the sum of a limited 
number of terms can be regarded as a definite integral, which is the 
aggregate of a succession of similar integrals correspondiug to the terms 
considered.* 

FIBST METHOD OF ADJTJSTUENT. 

We know that when equidistant ordinates are drawn to the parabola — 

they form A series of the second order ; that is, their second differences 
are constant. Let c represent the distance from one ordinate to another ; 
the area of the curve included between two such ordinates wjU be— 



r- 



yds=o[A + Bx' + Cix'*+-^<i')] 



where of is the abscissa corresponding to the middle ordinate of the 
area. Since this area is a function of the second degree in x", it follows 
that when values in arithmetical progression, such as 1, 2, 3, &c., are 
assigned to x', the resulting areas will form a series of the second order. 
This being premised, let us assume any three areas. Si, S,, Sg, so situ- 
ated that the middle ordinates of Si and Sj shall fall respectively to the 
left and right of the middle ordinate of S), which is taken as the axis of 
Y. Let It), nttthfhe the portions of the axis of X which form the bases 
of these areas, and let <h &tid Og be the portions of the same axis inter- 
cepted between the axis of Y and the middle ordinates of Si and Sj 
respectively. Then we have^ 

' See k not« by it. Proahet, appended to Vol. II of Stono'a Cetir* fAnalfM it rCmlc 
fotiitekniiM. 
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J a,—i n, 

Let S be ft fourth area whose base is n, and let xf be the abscissa eor- 
respoudiDg to its middle ordinate ; then— 

S=r''^*"y<ic=n[A+Ex'+C(x"+,ijn')] • • - (1) 

J I"— )n 

Eliminating A, B, C, from the above foar eqnations employing P, Q, B, 
as auxiliary letters, and dropping the accent from jf, we have — 

Q=aj[a:*+-j^{n»— na*)]+4o,*+;j^(»i'-»is*)]" / 

E=nj[ai'+,yni'— Jta^jJ+ffiffls'+TVlij'-ni')] f ^^^ 

— [0-^l^)(l)<D(l;)<i)(l:)]) 

This enables ns to find the magnitude S of an area whose xwsitiou only 
is given, when the three other areas Si, Si, S3, are given both in magni- 
tude and position. 

Now let each of the foar areas be divided by eqnidistant ordinates 
into as many snbdivisions as there are units in the bases tij, ni, nj and 
n respectively, these bases being supposed to represent whole numbers, 
and let oi, oj, and x be each a whole number or a whole number and a 
half, according as Mi+tIj, n^+ny, and ih+ji are respectively even or odd; 
then all the subdivisions of the areas will be so aituated that the ab- 
scissas corresponding to their middle ordinates will be terms in an 
arithmetical progression, and, consequently, the subdivisions themselves 
will be terms in a series of the second order. We may regai-d these ■ 
subdivisions as representing not areas merely, but magnitudes of any 
kind, and the areas Sj, Sj, S3, and S being the sums of groups of sub- 
divisions, we see that formula (2) enables us to flud the sum S of any 
gronp of consecutive terms iu a series of the second order when the 
sums Si, Sj, 83, of the terms in any other three groups in the series are 
given. From the sums of the terms in each group their arithmetical 
means are kuowu, and vice versa, for «4, Mj, M3, and n are given, and these 
are the numbers of terms which the several groups contain. Tbe 
groups may be entirely distinct, or they may overlap each otbor so that 
some terms belong to two or more of them at once. Tbe intervals be- 
tween the middle point of the group Si, and tbe middle points of the 
groups Si, S3, and S are a^ a,, amd x respectively ; the interval betwefn 
the middle points of any two consecative terms being unity. "We most 
regard a, and dj as always positive, while x may be either positive ot 
negative. When n is made equal to unity, the formula gives the value 
of a single term S by means of the sums Si, Sj, S3, of the three given 
groups of terms. The results are exact when the'series taken is of the 
.second order, but if it follows some other law, or is irregular, approsi- 
mate or a^ftMted values for S will be obtained, and if -the same groaps 
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are constantly nscd as data, tlie siDgle terms iuterpolated from them 
will themseKes form a aeries of tlie second order. Assuming anytliree 
groups of terms in any given series, regular or irregular, we can con- 
. struct a new series of the second order, such that the arithmetical means 
!of the terms in the three corresponding groups in it shall be severally 
eQnal to those in the given seriea 

Id the special case in which the three groups are consecutive, and con- 
tailing terms each, taking formula (1), which expresses the sum S of any 
n terms in a group, the abscissa of the middle point of the group being 
x*, we may assign to a/ its three values — »i, 0, and +m: in succession, 
obtaining the three eqnatlons — 

Si=n,(A— Bni+j|Cn,*) 

S,=ni{A+iVCni*) 

B3=n,(A+Bni+^Cn,') 

These suffice to determine the three constants A, E, C j and dropping 
the accent from sf in (1), we have — 



^ >{A) 

S=»(A+ ,VCM*+Ba;+Ca:*) 

This can be used in place of the more general fonnula (3), in all cases 
■where the three groups are consecntive and of equal extent. 

We have here a means of approximating to the population living 
within each single year of ago when the statistics are given by decades 
or other intervals of age, as is often the case in census reports. If we 
take tti=10, and let u represent what S becomes when n=l, then form- 
ula (A) will rednce to — 

"=inAra[866S*-33(S,+S,}+40(S3-S,)x+4(Si+S,-2Sj)jp'] . . (3) 

If, for example, Si, S^, Sj are the numbers aged 30 and nnder 40, 40 
and nnder 50, 50 and under CO, respectively, then giving x tbe values 
— J,+i,+j,&c., in succession, the resulting values of « will be the num- 
bers aged 44 and under 45, 45 and nnder 46, 46 and under 47, &c. If 
iDstead of taking n=l we take n=^ or n=^, then by assigning the 
proper values to j> we may find the jiopulation living within any desired 
half year or quarter of a year of age. {See Milne on Annuities, Vol. 1, 
Ch. 3.) Tbe same formula (3) enables us to distribute among tbe single 
years of age the deaths which occur within any three consecutive de- 
cades of age during a given period of time. If the population or deaths 
were thus distribnted within every decade by means of the totals for 
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that decade and the two others nearest to it, the result would he a chuin 
of sab-aeries of the second order extending throughout tbe term of life, 
hat not forming a wcll-gradaated series, because in general it wonld 
not be continuous at tbe points of janctioa between the decades. It 
might, however, be made approximately continaous afterward by meaaS 
of tbe seeond method of adjustment, which will soon be explained, 'n'e 
must observe, too, that at the ages before 20 or after SO the population 
and deaths vary so rapidly, that, in order to secure a good distribution 
by these methods, the data for those ages ought to be given by Intervalx 
of five years, or some other number less than a decade. In the ages of 
infoncy they should be given for each single year. 
Beverting now to the general formula (2), we observe that the quan- 

titles -. — ', — , — , are the mean values of the ordinate within tbe 

»' «] th Ms 
several areas, so that the formula enables ns not only to interpolate tbe 
arithmetical mean of a group of » terms in a series when the means of 
the terms in three other groups are known, but also to intorjiolate the 
mean value of a function within any interval n when its mean values 
within three other intervals «i, flj, «3, are known j so that if we know 
the mean annual rate of mortality for three consecntive decades of age, 
■we can fiud the mean rate for each single year of age by formuhi (3), 
since Si, Si, Sj, are sintply ten times the given mean rate for their 
respective decades. 

When any one of the intervals »i, ni, n^ or n is diminished, the mean 
valne of the ordinate within such interval will evidently approximate to 
the value of the middle ordinate of the interval, and will become equal 
to it at the limit, when the interval becomes zero. Hence, making n=<t, 

we have - for the ordinate corresponding to the abscissa x. and (2) I 

n 
becomes — I 

K-^"X§>('.XIKiXI) • • • '" 

When S], Si, Si, denote the population living within given intervals of 
age, the area yrf« may he regarded as denoting the number living at 
the*exact age indicated by a;, and if the population is a stationary one— 
that is, neither increasing nor diminishing, the product n'y will repre- 
senit the nnmber of persons who attain that exact age during the interval 
Qf time n' ; so that when the ages are grouped by decades, and ve 
have n^ 0, formula (A) will give for the number of persons who annually 
attain tbe age indicated by x, since n' is unity, 

y=j^[C50 8.— 25(S, + Si} + 30(S3-8,)a! + 3(S,+ 8j-2fc)^] . (5) | 
For example, when 8|, Si, Sa, denote the popnlation aged 30 and nnder 
40, 40 and under 50, 60 and under 60, respectively, if we assign to z the 
values — I, 0,-|- 1, &c, in succession, the resulting values of y will be tbe 
numbers annually attaining the ages 44, 45, 46, &c It has nsoally 
been the practice to cousider these numbers as beine Kmifseuted by 

I 
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the popalation living between the ages 43J and 44^, 44^ and 4^, 45J 
and 46^, Sec, respectively, aud a comparison of formulas (3) and (5) 
sfaowa that the two sets of numbers would be almost identical, though 
not precise!; bo. The difference between them is — 

a namber so small that it will not ordinarily affect the first five signifi- 
cant figures of a result. 

A considerably larger error is involved in the assumption that the 
ratio of the deaths annually occun-ing within any decade of age to the 
population living within aach decade represents the annual rate of mor- 
tality at the exact middle age of the decade. (Assur. Mag.,yoI. IX, p. 125.) 

Let «], gj, «g, be the deaths, and S,, S^, 83, the population, for any three 
consecutive decades, then the deaths annually occurring at the exact 
middle age of the middle decade arc, hy formula (5), making x=0, 

y^=shs [2Gst~(g^+S3)]dx 
and the poptdatioa living at the same age is, 

TAc=j^ff [26 8,- (S,+3g)ld» 
so that the annual rate of mortality at that exact age is, 

Y=2tiS,-(Si+S3) ^^^ 

The difference between this and the assumed value % is snfBcient to 

alter the fourth significant figure of the quotient^ and even the second 
and third at the older ages, as can easily be verified by assigning to S|, 
>i, &&, the numerical values for the various decades given by their log- 
arithms in Table III of the Preface to the English Life Tables. 

As regards the general accuracy of interpolations made by formula 
(2), it must be noted that near the middle point of the middle interval 
Ml the values obtained will he more accurate than they will be at its 
extremities, and the accuracy attainable will diminish as we proceed out 
of the middle interval into either of the lateral ones. This ia analogous 
to what we know to be the case with ordinary interpolations by second 
differences. And just as the degree of accuracy is increased by taking 
third differences into account, so here we can Increase it by taking four 
intervals instead of three. This will give a cnrve of the third degree, 
vbioh admits a point of inflexion, and is, therefore, better adapted than 
the common parabola to represent the form of a series whose second 
difference changes its sign. , 

For the sake of simplicity, let us assume that the fonr areas Si, Si, S^ 
84, are symmetrically arranged with respect to the axis of T, so that 
the distances £rom the middle ordiuates of Si and St to that axis shall 
be each equal to ai, and the corresponding distances for Sa and 8} each 
equal to dj, while the bases of the first and fourth areas are each eqnal 
to n„ and those of the second and third are each equal to n,. Then tatdng 
the curve — 

y^A+B.+C+IW „„,,„,C00glc 
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we obtain the integral — 

ivliich expresses the sain S of any n terms taken in a gronp, the abscissa 

of the middle point of the group being x. Subatitnting for n the fonr 

valaes ni, tij, tii, Ki, in saccession, and for x the four correspoDding %'al- 

ues — a„ — Ot, +(h, and +«!, we obtain the four equations — 

S, = «i f A — B(ii+C (a.^+jijn,*)— Da, K+ Jni»}] 

8,= Mi [A — Bn,+C (a,'+T»sn,*) — Da, (ai»+|«s')] 

Sj = M, [A + Boj+C K+^Mt'} + Do, (a^+W)] 

S. = »i [A + Ba,+0 (a,'+Ti3(i,») + Doj {bi'+W)J 

These are snfficieut to determine the four constants A, B, G, D, and, 

arranging (7) according to the powers of a:, we have — 

,^ 1 f n,(12g,'+«,')(8t+S3)-^li(12a,'+t^■)(S,+8^) \ 

P_ 1 /' gini(4fli*+«i')(S3-S,)-ffl,Bi(4aa*+tt,*)(S«-Si) >^ 



M,M3\12(ffl,'— (Ii»)4-»i'~Mj^ y 

U ^ 3 /- gaWi(Si-8i)-flin,(S,-8>) \ 



S=n[(A+Ty3n»)+{B+JDn')a;+Ca:*+Dic*] 
This formula enables as to interpolate the snm S of any n terms in a 
group precisely as (2) does, but more accurately. It gives exact results 
when the series taken is of an order not higher than the third, and 
approximate or adjusted ones in other cases. With any given series, 
taking four groups of terms symmetrically situated on each side of a 
middle point which becomes the origin of coordinates, we can construct 
a new series of the third order, such that the arithmetical means of the 
terms in the four corresponding gronps in it shall be equal to those in 
the given series. 'If the four groups are consecative and contain ni 
terms «ach, we have — 

and the constanta xeduce to — 



B=j^[16{S3-S,)-(S.-S0] f 



{B) 



,Cooglc 
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When the sums S,, Sj, Sj, 84, denote population living or deaths occur- 
ring within four consecutive decades of age, and u d^tiotes tbe numbers 
for » single year of age, then we have — 

ni=10, «=1, S=tt 

and consequently — 

+iKW«S'-S.)-3(S.-S.)] 
'When the valaes of A, B, C, D, are sabstituted i» the equation of the 
curve, tbe number of persons who annually attain the age indicated by 
1; is expressed thus: 

,=j1j[7(S,+S.)-(S,+SJJ+j4,[16(S,-S,)-(S.-S,)I^ 

V(io) 

+4^[(S.+S.)-(S,+S,)1+~[(S.-S,)-3(S.-S,)] ) 

These last two formulas may be used instead of (3) and (5) when 
greater accuracy is desired. It will be easy to obtain similar ones for 
cases in which the ages of a population are taken by intervals of ive, 
twenty, or any other number of years. 

Let us now assume five or more groups, with a curve of tbe geseral 
form — 

and, to make the case as simple as possible, let the groups be consecu- 
tive and composed of tii terms each. The sum of any n terms In a 
group will be— f 

+Fx{x'+^n?:^+^n*)+G{^+^n'x'+-^n<jP+^n') } (U) 

which, arranged according to the powers of x, U 
S=n[A+^jCn'+AE»'+7Jr<>»''+(B+iDn=+^Fn*+T^Hn' 

+(C+}En»+^GnV+(I>+£Ftt»+-^Hn^)ar'-f(E-}-}G»V } (12) 

+(F+iHn*)a:*+Ga;'+HaT'+&c.] 
If we assume only five groups, the series will be of the fourth order, the 
constants F, G, &c., will be zero, and by substituting for x in formula 
(11) tbe Ave values — 2ni,— ji|, 0, -fn„ and -f 2«i, iu saccession, and put- 
ting Ml for n, we shall obtain five equations by which to determine the 
five constants as follows: ^ .OOqIc 
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^"WiOnP^^* S,+0(S,+S.)-116(S,+S.)J 

E=2ni?[6S.+(S,+S>)-4(8,+ 8,)] 
Tbis, in connectioD vitli formala (12), enables ns to express the 
sum S of any group of n terms in a series of ttie foorth order by meaoa 
of the sums 8„ Sj, 8), St, Si, of the terms in any five coDsecntive gronps 
of ti) terms each. In case the given series is of a higher order than the 
fourth, or irregalor, -we can find adjusted values for each term, and for 
any given set of groups assamed these values will form a series of the 
foarth order. If we take Mi=10, formulas similar to (3) and (5) may be 
obtained, by which to interpolate numbers for each single year when 
BtAtistics of population and mortality are given by decades of age. 

Particular relationsexist between tbenamericalcoefficientsof Si, Si, &&, 
in the values of the constants A, B, &c., in this and similar formulas. In 
tbeexpression for A,the factor +2134 belongs to asinglequantity St, wbtle 
the factors +9 and — 116 belong each to two quantities. So we have— 

2134 + 2x9 - 2x116 =. 1920 
and 1920 is the nnmerical part of the denominator of the Qraction out- 
side the bracket. In the expression for B a different relation appean. 
From the middle of the gronp Si to that of S* is a distance of two inter- 
vals, while ftom Si to Ss there are four intervals. We have accordingly— 

2x34-4x6 = 48 
and 48 is the nnmerical part of the denominator of the fraction without 
the bracket. Similar relations are fon«d in the expressions for G, D, 
and E, except that the totals are equal to zero instead of to the denomi- 
nator of the fraction. 

Again, assuming six conaecntive groups of equal extent, with a cnrre 
of the fifth degree, whose origin of coordinates is at the point of division 
between the third and fourth groups, and pursuing the same method as 
before, ve find that the six constants are — 

A=e^J37(S3+S,)+(8,+Se)-8(S,+S,)J 



B=jg^[245(S,-S,)+2(S,-S0-25(S,-Si)] 

°=16^[^(^+^')-«(^+S*'-<^'+^*I 
D=x3g^,[ll{Ss-S,)-28{S,-S,)-(Se-S,)] 

E=|^[2CSj+a.)+(S,+8,)-3(Si+S,)] 



Ud) 
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In like manner, assamiug seven gronps, with a carve of the sixth degree, 
we find the seven constants — 

B=jj5|j-i[0455(8.-S,)+259(S,-S,)-2236(S.-S,)] 



D=5^.p2(S.-S,)_83(S,-S,)-7(S,-S,)] >(E) 

E=55~s[244S.+64(S,+8,)-ni(S,+S,)-6;S,+S,)] 



G=55i^[15(S,+8.)+(S.+8,)-20 S.-6(S,+S,)1 

So also with eight groups, and a curve of the seventh degree, the eight 
constants are — 



B=gj^[7175(S,-S.)+U9(S,-S,)-880(S,-8,)- 9(3,-8,)] 
C=jgijp(273(S,+8,)+7(S,+8,)-215(8,+S.)-65(S,+8,)) 



>m 



E=i^[ll(S.+S.)+8(a,+S,)-18(8,+8,)-(S,+S.)l 

In the same way we might determine the niue constants for a cnrve of 
the eighth degree, and so on ; for the operations required, though some- 
what tedione, are always possible.* We have found, then, a very simple 
and general method by which, when any m+l coosecntive groups of 
equal extent are assumed in a given series, a new series of the tnth 

, * See fonnula (Q) JD Appendix L 

D„:,i,.<.jM, Google 
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onler cati be constmcteil, such tliat the arithmetical means of the t^rms 
in tlie m+l cori-esponding groux>s in it will be sevemlly equal to those 
in the original series. 

Let US now proceed to apply this method to the graduation of an 
irregolar rate of mortality. Column (a) in Table I shows the proba- 
bility of dying within a year, at each age, from 20 to 70, as experi- 
enced by the life insurance companies doing business in Massachn- 
setts for seven years ending November 1, 1865, and given ia the 
commissioners' report. The terms of the scries are 100 times the quo- 
tients arising from dividing the number of deaths in each year of age 
by the number of years of life exposed to mortality at that age. For 
example, the number 1.98 opposite the age 59 signifies that of the 
insured persons who attained that age about 2 ])er cent, died within the 
following year. The great irregularity of this series is apparent at a 
glauce. The observations ou which it is based were not such as to give 
it very high authority as a law of mortality, and it is introduced here 
mefely to illustrate the method of graduation. The rate which it 
shows is too low throughout almost all the ages, owing mainly, uo doubt, 
to the recent selection of most of the Uvea observed. The life insurance 
companies of America are of recent and very rapid growth, and in tbe 
present case the average duration of the policies observed probably did 
Dot much exceed, if it equaled, three years. It is well known that in 
a class of persons aged fifty years, for iustance, who have been recently 
pronounced healthy by a medical examiner, the rate of mortality muy 
be expected to be lower than among another class of similar age, 
whose examination was made ten, twenty, or thirty years earlier ; for 
some of the latter will have contracted disease in the mean time, while 
others, probably among the healthiest lives, will have surrendered their 
policies or allowed them to lapse, thus deteriorating the average vitality 
of the insured. The present rate, therefore, cannot be regarded as a 
permanently reliable one. At the ages 20, 21, and 22, however, the rate 
is too high. This may be merely accidental, owing to the fact that only 
a small number of lives were observed at those ages. 

lu the first place, let us construct a representative series of the fonrtb 
order. The sixty terms of series (a) form five groups of twelve terms 
each; their sums are — 

S,=9.15, S,=9.06, 8i=13.03, 84=28.51, Sj=87.84 
and when we take — 

ni.-=12, tt=l, S=tt 

formulas (G) and (12) give — 
_2432^1 _ _ 207.85 
■^-l«{i;i)^' '^-4(12f' 
and consequently — 
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.79339 


8474(1 


.81561 
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1IT7W 


.89691 


!l4:Ki!l 


.93224 
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.9l»19 


(MMSti 


1.00783 


0a(>99 


1.05053 



6.H0 
&.00 
6.94 
6.14 
4.58 
4.50 
7.53 
11.31 



1.09695 
1. I475S 
1.20303 



I.4«1S9 
1.5c'363 
1.68910 
1. 80BI5 
1.94283 
3.00546 
2.2Gp.^i7 
2.46499 
2.6S782 
2.O4044 
3.23655 
3.55016 
3.91.WI 
4.32758 
4.79112 
5.31163 
5, B94t)0 
C. 547 13 
7.2:4f(9 
e.U85il 

8. sarv-is 

9.98373 

II. 08.-118 
12.30769 



11=1.055794+ .03879144 a:+ .002432280a^+ .0001599072 ji^ 
+.000004167808 a;* 

Tbis is the cqiiation of tbe new Rertes. Since the origin of coordinatca 
is at tbe middle point of tbe middle group, if we assign to x the values 
— ^,+4,+|, &c., the resulting values of it will be the terms belonging 
to tbe ngea 49, 50, 51, &c. When any five cousecutive terms have been 
computed in this way, and tbeir four orders of dtSerences are taken, 
tbe rest of tbe series is reatlily constructed therefrom. The complete 
series is given in column {b). It will be found that tbe sums of tbe terms 
in the twelve-year groups 20-31, 32-43, &c., are identical with those in 
series (a), and consequently ttio arithmetical means of tbe terms iu these 
groups are the same in tbe two series. 

Uext, let the required series be one of tbe fifth order. Takuig sis 
groups of ten terms each, their sums are : 



S,=29.42 
Se=80.27 



S,=7.C1 Si= 8.95 

S»=7.32 St= 14.02 

and asine formnla (D) we obtain tbe equation of the series — 

«=1.0732474+.04G40701a-+.00196995Sj*+.00007920042ar' 
+000004910067 x*+.00O00OlO71007ir" 



Google 



288 METHODS OF IHTISEPOLATION. 

The origin of coordinates is the same as in ttie previous case, being at 
the point of division between the third and fbnrth gronps. When any 
six consecutive terms have been compnted and their five orders of dif- 
ferences are taken, the rest of the series is easily constructed. It is 
given in column (e). The sinus of the terms for the decades 20-39, SO- 
SO, &&, are the same as in the original series. 

It may seem strange that the two series (&) and (c) should differ so 
mneh as they do, especially at the earlier ages. There are two reaaoos 
for it. In the first place, tbey toe derived from two different aets of 
gronps; and as the original series is extremely irregular, the sams St, 
Si, &c, must vary somewhat from their normal value, and vary differ- 
ently in the two series, thus Meeting the vfdaes of all the single terms. 
This source of error, however, can be very much diminished, if not 
entuely removed, by making a preliminary adjustment by the aeoond 
method, as will be shown hereafter. In the second place, there is an 
essential difference in the natnie of the two series {b) and (o). In (b) 
the general term u is expressed by a polynomial of the fourth degree 
in X. When the two values +co and —c/j are assigned to x, the resnlt- 
ing value of u will have the same sign in both cases, because the 
highest power of x Is an e^-en one. But in the equation of series (c) the 
highest power of x is odd, so that the values x=+w and x= — oj will 
give contrary signs to u. In general, when a series of au even order, 
such as (b), is extended indefinitely in both directions, its terms will go 
on increasing algebraically at both extremities, or diminishing at botii ; 
bet a series of an odd order like (c) will increase at one extremity aad 
diminish at the other. It is evident that the original series (a) tends to 
increase at both ends, as also does (b), while (c) diminishes at the earliest 
ages and increases at the latest ones. This has a considerable effect on 
the fonn of the series. In [b) there is a minimum of .C4117 at the age 
30, and no maximum at all, while (c) has its minimam of .72020 at the 
age 34, and a maximum at 24. It appears that {b) represents (a) more 
faithfully than (c) does, and in like manner we may presume that in this 
case a aeries of the sixth order would be betterthan one of the seventh 
order, and, in general, that if a given series tends to increase at botli 
ends, as any ratu of mortality of this nature does, or to diminish at 
both ends, its representative series ought to be of an even order, while 
if it tends to increase at one end and diminish at the other, the new 
series should be made of an odd order. But there will be some excep- 
tions to this rule, and of course, other things being equal, the greater 
the number of groups taken, and the higher the order of the new series, 
the more faithfully will the original one be represented by it. 

BECOND UETHOD OF ADJUSTMENT. 

If in formtda (2) we make th an odd number, and assume— 
tt3=ni, Ogsai 
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and let «' represent what 8 becomes when we take — 

nsl, x=0 

then u' wilt be the middle t«rm of the middle groap Sj, and the lateral 
groups Si and Sj will be similarly situated on each side of the middle 
group and its middle term. We have then— ' 

This formula enables us to adjnst the value of any term in an irregular 
series, by taking it as the middle term with an arbitrary number of ad- 
jacent terms on each side of it, nil together forming the middle group in 
which the sum of the terms is Si and their number is «,, andtaking two 
other arbitrary gronpa. Si and S3, containing ni terms each, and situated 
one on each side of the middle term and equidistant from it. The dis- 
tance from the middle point of the middle gronp to that of either lateral 
group is a,. The simplest case which can arise is where we take five 
consecutive terms, u„ uj, tt,, u„ Ua, and assume the three middle ones as 
the middlegroupaadtheflrstone and last one as the two lateral groups; 
then — 

ni=3, ni=l, ai=2 

and formula (13) gives, as the adjusted value of the middle terb uo, 
«'3=A[4S,-(Si+S3)] 1 

Ml*} 
=-l^[4(«»+«3+«*)-(«i+«fl)] ) 
When seven terms are taken, five in the middle group and two in each 
lateral one, so that the second and sixth terms belong to two groui>3 
each, we have — 

ni=5, fii=3, Oi=f 

and the formula is — 

<=ji;[13Sa-5(S,+S.)] ) 

\ (16). 
=;^5fl3(«,+«.+tts)+8(i(,+n)-B(M,+w,)]) 

The accuracy of formulas (14) and (15) can easily be tested by trial with 
any series of the second order, the a^usted value of the middle term 
being in this case the same as its original value. A simple relation ex- 
ists beween the numerical coefBcients of Ui, Ue, &c. For example, in 
formula (15) the coefficient +13 belongs to three terms, +8 to two, 
and — 5 to two, and we have — 

3x13 + 2x8 - 2x5 = 46 
and 45 is the denominator of the fraction outside the bracket. The 
numerical coefficients within the bracket may therefore be regarded as 
the weights of the terms to which they belong, so that the weight of 
each of the terms u,, ««, and Ug is 13, that of u« and u« is 8, and that of 
U] and u, is — 5. 
By varying the positions of the groups in formula (13), and the nnm- 
19 s 71 /- T 
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ber of terms in eacb, we miglit find an nnliniited immber of adjoBtmeat 
formulas, but (14) and (15) will serve as specimens. Similar results can 
also he arrived at by another method, which is very simple. We know 
that iu a series of the third or any lower order the fourth difltrences 
are zero ; that is, auy fiVe consecutive terms are connected by the 
relation — 

«5— 4m4+*»«i— 4uj+Mi=0 

and, consequently, we have — 

«3=A[4(«,+«,+ t.0-(M.+«»)] . . . (16) 
This is identical with fonnula (14), which is thus shown to hold good and 
to give exact results when applied to a series of the third order as well 
as the second. It is therefore cquitlly well adiipted for gntdaatiog auy 
series, whether it has a point of inflexion or not. The same is tnie of 
(15) and all other formulas derived from (13). 

When applied to an irregular series, such formulas can be mwlified so 
as to give adjusted values which will approximate to the original ones 
more or le-ssclosely, asmay be desired. Take, for instance, formula (IR). 
If we add ktii to both members of the equation next preceding, it will 
stand — 

(10+ft)ii,=(4+i-)ii3+4(«,+«0-(ai+K») 

and hence we have — 

«a=Xul|:i[('*+*)«s+^(«»+«*)-(«i+«»)} 

This formula differs (h>m(lC) iu no respect except that the coefficient of 
«] within the bracket, and the denominator of the fraction without the 
bracket, have both been increased by the same quantity k. Since k may 
have any value whatever, we see that the weight of the middle term «, 
cau be increased or diminished to any desired extent, the denominator 
of the fraction without the bracket being increased or diminished by 
the same amount Thus if we desire that the weight of th shall be 9 
instead of 4, the formula will stand — 

W3=i's[9iia+4(«,+i(.)— (w,+Ui)l . . . (17) 
In this way the value of eacb term in an adjusted series can be made to 
depend on, and approximate to, that of the corresponding term in the 
original series to any extent that may be required, and, of course, the 
closer this approximation, the more nearly will the form of the nev 
aeries resemble that of the original one. 

When more than five terms are to be included by an adjustment for 
mnla, the relative weights of the terms can be varied by combining two 
or more formulas together. For instance, (15) gives, if we drop Vbo 
accent from «*,, 



45«4=13(M,+tt4+wa)+8(«,+ii,)— I 
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and (.16) may be written — 

Adding these two equatiooB, we ubt&iD — 

SiDce k may have any value, let as determioe it so that the excess of 
the weight of us aud ut over that of Ui and Ug shall be equal to the ex- 
cess of the latter weight over that of tti and v^ This gives — 

13+4fc— (8— ft)=8— &+5 
and, consequently, ft^|. Tke formula then becomes — 

«4=3ijril{«3+«.+ Ws)+4(K,+«s)— 3(K,+ i/,)] . . . (18) 

and. if the weight of the middle t«rm is increased by 7, we have 
ftnaily— 

u,=-^[18u^+ll{rh+ui)+4{vt+ut)—3(«i+w,)] . . . (10) 

Here the weights increase in arithmetical progression, from the extreme 

terms to tlie middle one. . 
To obtain a similar formula including nine terms, we may proceed as 

follows. In a series of the third or any lower order the fourth diflfer- 

eiices are zero, and any five consecutive terms are connected by the 

relatiou — 

1^ — 4«t+6u3 — 4«i+tti^0 

Tn a aeries of the fifth or any lower order the sixth difTerences are zero, 

aud for any seven consecutive terms we have the relation — 
t*,_6t(,+15tts— 20u4+15«3— Cw,+«i=0 

In a series of the seventh or any lower order the eighth differences are 

z«ro, and any nine consecutive terms are connected by the relation — 
«»— 8«8-(-28»(t— 5Cw»+70«8— 50«(+28«3— 8wa+t(i=0 

Henc«, conaidering any nine consecutive terms in a series of the third 

or any lower order, we have — 

126u,=56(«,+t(8+««)— 28(«,+«t)+8(w,+w,)— («,+M,) 
35Jb(s=15Ar{«,+«s+M«)— 6ft{«3+w,)+l(Wa+Wa) 
10fc'«s=4 lc'{u,+Ui+u,)—]i'(«3+fh) 

Adding these three equations together, we obtain — 

(126+35 fc+10Jf)Ms= (56+15Jt+4fc')(M4+K,+w,)— (28+0 Jt+if)(t(3+»,) 

+ (8 + fc)(W,+ «,) — (Mi + M,) 

which expresses a general relation between any nine consecutive terms 
in a series of the third or any lower order. The numbers Jc and k^ being 
entirely arbitrary, we may make the coefficients in the second member 
oi the eqaation form an arithmetical progression by taking — 
(8+ft)+2(28+6it+*')+(56+16it+4fc')=0 
_l_2(8+ft)— (28+6fc+ft')=0 
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These two conditions give the two valaes — 

ft=_y, ^=15 

so that the equation redaces to — 

^tt,=5(w^+wj+t(s)+2(w3+wi)+3(w!+w,)— (ni+ii.) 
and adding | us to both members, ,wo obtain — 

K,=5iji[10«,+ 7(»4+«,)+4(«,+«,)+{%+i<,)— 2(a,+a,)] . . {20) 
The same result can also be reached by deririog from formala (13) 
any three special adjustment formnlas comprising live, seven, and nine 
consecutive terms respectively, and then combining them together in 
the manner above indicated. There is evidently no limit to the number 
of terms whicli might be included in formulas found by these methods. 
With eleven terms, we have the following ; 

«,=^j5[45«g+34{M,+Ki)+23(«,+«B)+12(«3+t<9) > 
+(«,+«„)— 10(ai+iii,)] I 

in wbicb the weights are in arithmetical progression.* ' 

If we consider .any seven consecutive terms in a series of the fifth 

order, placing the sixth difference alone eqnal to zero, the equation thus 

formed will give — 

«,=3ij[15(w,+«,+«,)— 6{ii,+«s)+{«, + «5)] . . (22) 

This might be used as an adjustment formula, possibly with good effect 

in continuing the graduation of a series already approximately adjusted. 

It will give exact results when applied to a series of tbe fifth or any 

lower order, and the weight of the middle term u, can be increase<l or 

diminished if desired. So, too, when the eighth difierence is placed equal 

to zero, we obtain tbe foimula — 
«.=Ti,[56(«»+Us + W6)—28(Wj+tt,)+8{«,+tt,)— («!+«»)] . . (23) 

which will give exact results if applied to a series of the seventh or any 

lower oi-dw. 
The second method of adjustment can be applied to tbe logarithms of 

a series of numbers instead of to the numbers directly. If, for instance, ' 

the logarithms form a series of the third or any lower order, then tor 

any five consecutive terms formula (16) gives — 

l9g«i=^[4(log«,+log«j+log«,) — (IOg«i+logMs)] 

= T^[l0g(ll,«3lu)*— l0g(«,Ws)] 

and consequently— 

\ «l«5 / 

This relation will evidently bold good for any five coneecative terms 
in a geometrical progression, because their logarithms are in arithmetical 
progression ; that is, they form a series of the first order. We cau 
easily see how any similar adjustment formula can be transformed at 



* For improved furmulM of this uatitra, see 
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on«e in this waj. The weights of the severftl terms become their expo* 
Beats, the terms with positive weights become factors in the numerator 
of a fraction, while those with negative weights are factors in the denom- 
ioator, and the fraction without the bracket becomes the exponent of 
the whole. Thus (22) is transformed into — 






which expresses a relation existing between any seven consecutive terms 
in a series whose logarithms form a series of the fifth or any lower order. 

In all formulas under the second method, the weights of the several 
terms, depending on the position of each one with reference to the mid- 
dle term whose adjusted value is sought, may be called local iceigkta, to 
distinguish them from the iutrinsic weight which any tenn mny have 
by virtue of the relative goodness of the observations taken to deter- 
mine its value. We may regard the total weight of a term as com- 
imunded of tJiese two elements, so that if, for instance, the local weights 
of five consecutive terms are taken as in formula (16), and if we wish 
aim to take the intrinsic weights c„ ci, ca, &c., of the terms into account, 
the adjusted value of u^ will then be — t 

_ 4(Ciiii+C3«a+c«w,)— (ci«i+f^«B) .„., 

=> 4((H-C3+<'*)-(A+Cs) • • • \. > 

We know that this formula gives exact results when the series U|, ti,, &c., 
is of the third or any lower order, and the intrinsic weights Ci, Ci, &c., 
are all equal, and we may naturally expect that the results will be 
approximately coiTect when the series Mi, «j, &c., approximates to regu- 
larity, and the intrinsic weights of the terms do not differ very much 
from one another ; so tbat iu such cases something will be gained in 
accuracy by taking the intrinsic weights into account. 

By the use of formulas such as (16), (17), (10), or {2tt), we can grad- 
uate approximately all the terms in a series except the first two and 
Inst two. Tliese also can be reached by ineaos of the general formnla 
(2). Let us take six consecutive terms in three groups, so as to have — 

n,=3, »i=2, n3=l, ai=J, «s=|) «=! 

Then for the first term we have — 

x= —J, 8=ui 

and the formula rednces to — 

«i=j(-»S,-Da,+4Sa} ) 

M2S) 
=i[5{«i+«=+«a)-5(«4+«,)+4«sl ) 

For the second term we have— 

x=-^, S=tt, 

and conscquentiv — 

«,=^(14S,+4S,-5S3) 
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These fonnalas give exact results when applied to any series of tlie 
secoud Older. 

Let us now make n* an even namber in formala (2), and assome aa 
before — 

«3=ni, 03=01 

and let y" represent what — - becomes when we take — 

n=0, x=0 

then y" is the middle ordinate of the middle area Si, and we liave'tliis 
formula: 

When Si, Sj, Sj denote stationary jwpulation living within three inter- 
vals of age, the two lateral intervals being of ni years each, and their 
middle points being each distant ai years front the middle point of the 
middle interval, which consists of n, yearn, then y' is an adjusted valoe 
for the nnmber of persons who annually attain the esact middle age of 
the middle interval. Thesimplestcaseis where wehavethepopulations 
«ii «ii "3, *>*, living within four consecutive years of age, and take the 
tw9 middle ones as the middle group, and each of the others as a lat- 
eral group ; then — 

Mi=l, ih=2, ai=3 

and (27) reduces to — 

>(28) 
=Al7(".+«J-(w.+»*)] ) 
For example, if V|, «,, Vj, U4, denote stationary population living within 
the ages 38 to 39, 39 to 40, 40 to 41, and 41 to 43, then p' is the nnnil)er 
annually attaining the age 40. And even if the jrapulatioii is not 
stationary, but increases or diminishes fVom natnral causes or by migra- 
tion, still, if «i, ut, &c., denote the mean population living within the 
ages named during a given nnmber of years, then y" will be the mean 
Biwiber annually attaining the age 40, as before. 

Adjustment formulas analogous to (13) and (27) can also be derived 
from (8) by taking ^=0 and n=l or n=0. It can be shown that (13) 
and (27) are particular cases under these, so that all the sitecial adjust- 
ment formulas derived from them will give exact results when rppUed 
to aeries of the third order as well as the second. 

If in formula (8) we take «i=n,=0, then — , - , — , and — will ren- 

resent ordinates to the curve, and may be denoted by yi, yt, yi, and y^ 
If we also take — 

x=0, Oi=f( 'i—ii fl=l, Ssu' 

then (8) reduces to — 
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Here yt, $«, ^3, and y, are four equidistant ordinatCH to a curve of tlie 
third or iviiy lower order, aud «' istlie area between tbe two middle onli- 
nates. Hence, wlien the mean nambers of persons annnalty attiiining 
each of four consecutive ages are kuown, the mean popuhition living 
between the two middle ages can be compnted by this forninla. For 
instance, if ji, yt^ J/ji and y, denote the numbers annnally attaining the 
ages 39, 40, 41, aud 42, then u' is the population living between the uges 
4U aud 41. 

Let us now mahe a practical applicntton of the second methoil of 
adjustment, in graduating the irregular rate of mortality given in column 
(d) of Table II. This is a new experieuce table quite recently jinblisheil 
ill England in an unadjusted form. It is probably correct in its essential 
features, and suited for practical use, having been prepared by the Insti- 
tute of Actuaries, from the experience of twenty British life insurance 
companies, all of which bad Itcea io esistence more than twenty years, so 
that the average duration of the t>olicies observed was about nineyeurs. 
The original publication unt being at hand, the data have been taken 
as they are given in the Massa^shusetts and N'ew York State Insurance 
Ue[)orts of 18tt9. The probabilities of dying within a year at ea<-:h 
age, according to these dat^a, and multiplied by 100, are as they staud 
in column [d), for the ages IS to 91 inclusive. The original series ex- 
tends fVom the age 10 to 96, but a few of the earliest and latest terms 
show such irregularities as to be evidently worthless for the purpose of 
graduation. This is owing to the paucity of observations at those ages. 
There ivere no deaths at all at the ages 11, IC, and 94, aud no survivors 
at the age 97. The eight terms from 10 to 17 are therefore r^ected 
here, and their places supplied by others taken from the English life- 
table, No. 3, for males, reduced a little to correspond with the new rate. 
The sum of the terms for the eight ages 18 to 25 is 5.1SG2 by the new 
table, and is C.C775 by the table No. 3. Accordingly, each of the first 
eight terms in series {d) is taken I'rom the table No. 3, but dimiuisbed 
in the ratio of G6775 to 51862. The eight last terms, from 02 to 99, 
have been obtained in a similar way, using the sums of the terms for 
the eight ages next preceding, so as to increase the values given by 
the table No. 3 in the ratio of 18436 to 1845G. Series (d) thus com- 
pleted, has been approximately adjusted by means of tbrmulu (20), 
which reaches all the terms except the first four and last four. The 
Jesuit is given in column (e). For instance, at the age 30 the adjusted 
term is — 

«s=3'c [8.2341 -H 7{.74000+ .72927)+ 4(.77808+ .83635) 
+{.65324+.83a00)— 2{.C9197+.87346)] 
=.77770 
At the ages 13 and 96 the adjustment has been made by formtils (IS), 
at the ages 12 and 97 by (16), at 11 and 98 by (26). and at 10 and 99 by 
(23). To diminish some irregularities still existing in series (e), the adjust- 
ment has been repeated, only this time formula (IG) was used tbrpugboDt. 



296 



UBTHODS OF DtTEHPOL&TION. 



The resalt is abown in column (/)-• This is a roughly adjnsted series, 
approximating closely to the fonii of the original series {d) ; too closely, 
however, for it retaius at least one nodalatioa which is abnormal, and 
-would doubtless not have appeared if the number of observations on 
which the earlier portion of series (d) is based bud been very greatly 
increased. It is an acknowletlged principle that after the age of 12 or 13, 
at which the prot>abiUty of dying within a year is a minimum, the rate 
of mortality ought to go ou increasing continuously up to the limit of 
old age. But in series (/) it increases up to the age 22, then diminishea 
up to 25, tben increases again continuongly. To remedy tliis fault, ao'd 
also to perfect the graduation, Bome further process of adjustment will 
be required. 

Table IL 



Age. 


(d) 


(0 


(/> 


Decade. 


(5) 




Age. 










4-13 
5-14 


6.0501 
5.3587 






'io".: 


.'4363S' 


.'43344' 


'43143' 


.42070 


"lis 


n.. 


.39-208 


.39460 


.39407 


6-15 


4.8884 


.40437 


n 


12.. 


.Sr047 


.37034 


.37184 


7-16 


4.G001 


.39659 


12 


13.. 


.:(6i70 


.3W>80 


.36420 


8-17 


4.4594 


.40030 


15 


14.. 


.37692 


.37212 


.37120 


9-18 


4.4365 


.41283 


14 


15.. 


.40177 


.39639 


.40 ICO 


10-19 


4.5053 


.43190 


15 


16-. 


.43719 


.45493 


,449«i6 


11-20 


4.6434 


.45559 


16 


17-. 


.48163 


.51192 


.51820 


12-21 




.48231 


17 


18.. 


.60556 


.56421 


.57B07 


i?-as 


6.0502 


.51074 


18 


19.. 


.70219 


.62583 


.62494 


14-23 


5.3021 


.53984 


19 


20.. 


.58-^36 


05233 


.66049 


15-24 


5.5597 


.56379 


90 


31.. 


,700*1 


.68776 


.67539 


16-25 


5.8310 


.59700 


21 


sa.. 


.62151 


.67417 


.68445 


17-26 


6.0798 


.62404 


22 


83.. 


,77380 


.67688 


.67164 


18-27 


6.3318 


.64966 


S3 


84- 


.68369 


.01849 


.65.''>06 


19-28 


6.5743 




84 


85- 


.516:;0 


.6:ct96 


.64249 


20-39 


6.8058 


.69625 


25 


86- 


.69197 


.65258 


.64742 


31-30 


7.0361 


.71731 


26 


87.. 


.65324 


.67830 


.63:!05 


22-31 


7.3357 


.73708 


27 


28.. 


.77808 


.72663 


.73526 




7.4361 


.75580 


28 


29.. 


.74000 


.7W74 


.76056 


24-33 


7.6292 


.77374 


29 


30.. 


.82:141 


.77770 


.78223 


25-.14 


7. 8176 


.79122 


30 


31.. 


.T29W 


.79659 


.79489 


2ft-35 


a 0042 


.H)858 


31 


33- 


.8W3n 


.81111 


.81229 


27-3C 


8.1921 


.92618 


33 


33.. 


.83300 


.82694 


.e34:« 


28-37 


e.:!845 


.84437 


33 


34.. 


.W346 


.esTsn 


.81023 


39-38 


8.5848 


.86351 


34 


35.. 


.8i3I9 


.86430 


.8114:13 


30-39 


8.7961 


.88399 


a& 


36.. 


.m678 


.90344 


.00477 


31-40 


9.0228 


.90613 


36 


37.. 


.95530 


.95256 


.95107 


32-41 


9.2673 


.9302:t 


37 


3H.. 


1.03600 


.995.W 


.99828 


33-42 


9.5330 


.03660 


38 


39.. 


1.05880 


1.0312 


1.0240 


34-13 


9.8234 


.98583 


39 


40.. 


.98504 


1.0310 


i.aHS 


35-44 


10. 142 


1.0180 


40 


41.. 


1.0440 


1.03W 


1.0404 


36-45 


10. 491 


i.or>'j9 


41 


42.. 


1.0798 


1.0626 


1.0587 


37-46 


10.874 


1.0017 


42 


«!.. 


1.0540 


1.0936 


1. 1011 


3&-(7 


11.395 


1.1345 


43 


44.. 


1.1793 


1.1615 


1.1557 


39-48 


11.757 


1. 1812 


44 


45.. 


1.2447 


1.2210 


1.2207 


40-49 


13.363 


1.23!>S 


45 


46- 


1.2474 


1.2848 


1.28H7 


41-50 


12.818 


1.2888 


46 


47.. 


1.4079 


1.3689 


1.3650 


43-51 


13. 425 


1.3C05 


IT 


4ri.. 


1.4147 


1.4501 


1.4547 


43-52 


14.090 


1.4177 


46 


49.. 


1.5297 


1.5444 


1.5439 


44-53 


14.616 


1.4307 


49 


50.. 


1.6497 


1.6220 


1.6120 


45-54 


15.611 


1.5714 


60 



■ Iq all tbo tenus of Beriea (d), (e). and (/), the fifth figure might bb well have h 
neglectad. It baa no real valac, and dues Dot aaaiat the gradoktic 
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Table n — Cuntiiiaed. 



Ago. 


i^ 


(0 


(J) 


Decade, 


{ff> 


(*) 


Age. 


51.. 


1.7333 


1.6581 


1.6665 


46-55 


16.481 


1.6593 


51 


52.. 


1.7070 


1.7281 


l!7351 


47-56 


17.432 


1.7549 




53.. 


1.7221 


1.82:t4 


1.8259 


48-57 


la 473 


1.6599 


53 


54.. 


1.8996 


1.9357 


1.9764 


49-56 


19.614 


1.9:50 


54 


65.. 


2.2960 


2. 1514 


2.1326 


50-59 


20.864 


2.1008 


55 


56.. 


2.3045 


2.2701 


2.2783 


51-60 


22.235 


2.2:t92 


66 


57.. 


2.3903 


2.3998 


2 3976 


53-61 


3:t.740 


2.3909 


57 


58.. 


2. 5133 


2.!,jaa 


2.530:i 


53-62 


35.391 


2.5571 


58 


53.. 


2.5265 


2 6990 


2.7195 


54-63 


27.205 


2.7402 


59 


60-. 


3.1197 


2.9G8S 


2.9541 


55-64 


29.1i>8 


2.9417 


60 


61.. 


3.2552 


3.2234 


3.2248 


56-6;. 


31.:(88 


3.1630 


61 


6-^.. 


3.4551 


3.4673 


3.4953 


57-66 


3X793 


3.4064 


62 


63.. 


3.7474 


3.7711 


3.7525 


58-07 


36.435 


3.6741 




64.. 


4.0101 


4.0053 


4.0133 


59-68 


39.334 


3.9679 


64 


65.. 


4.3602 


4.3065 


4.3256 


60-69 


42.514 


4.2911 


65 


66.. 


4.ftjr.o 


4.7110 


4.6986 


61-70 


45.999 


4.6454 


66 


67.. 


4.8932 


6.0G39 


5.0409 


62-71 


49.812 


5.0;O4 


67 


68.. 


5.5428 


6.3338 


5.3803 


63-72 


53.980 


5.4584 




69.. 


6,0X6 


5.7196 


5.6290 


64-73 


58.538 


5.9224 




70.. 


6.6156 


5.9548 


6.0544 


65-74 


63.483 


6.4286 


70 


71.. 


6.2011 


6.6791 


6. 6521 


6«-76 


68.868 


6.9794 


71 


72.. 


7.9*09 


7.5;!65 


7.5263 


67-76 


74.711 


7.5778 


72 


73.. 


7.8541 


a 4113 


a 4927 


68-77 


8i.o:(6 


8.2260 


73 


74.. 


10.5370 


9.4103 


9.3078 


69-78 


87.865 


a 9209 


74 


75.. 


9.4G2t 


9.9458 


10,000 


70-79 


95.231 


9.6824 


75 


76.. 


10.624 


10,575 


10.5G6 


71-J« 


103. 12 


10.493 


76 


77.. 


10.H69 


11.278 




72-61 


111.58 


11.366 


77 


78.. 


12.303 


12. 101 


12. 101 


7.1-62 


130.62 


12.296 


78 


79.. 


13.594 


13. 1B5 


13.250 


74^ 


130.23 


13.266 


79 


eo.. 


14,030 


14.666 


14.599 


75-84 


140.42 


14.:5:l6 


80 


81.. 


15.970 


10.039 


16. 058 


76-85 


151. 19 


15.458 


81 


K.. 


17. 2U 


17,477 


17. 578 


77-86 


162.53 


16.623 


82 


83.. 


20.073 


18.968 


iao:i9 


78-87 


174. 40 


17.849 


83 


-84.. 


IW.USO 


19,467 


19.030 


79-88 


16K.79 


19.133 


84 


85.. 


2i.f.2r 


21.294 


21.070 


80-89 


199.05 


20.465 


es 


8G.. 


21.688 


32.214 


22.020 


81-90 


212.93 


21.645 


86 


87.. 


21.(!S7 


2;i.:J07 


32.747 


82-01 


226.56 


23.259 


67 


e».. 


2H.4G2 


33.571 


2:1.056 


83-92 


240.45 


24.703 


88 


83.. 


19.:t55 


23.6(6 


23.958 


84-93 


2G4.51 


26.107 


89 


90.. 


22.G67 


25.173 


25.247 


66-94 


268.61 


27.638 


90 


91-. 


31.0.14 


27.515 


27.206 


8S-95 


282.62 


29.100 


91 


93-. 


29.427 


23.141 


29.510 


87-96 


296.36 


30.5.39 


93 


93.. 


30.979 


31.644 


31.3:16 


88-97 


309.60 


31.935 


93 


91.. 


3i.^il 


32.927 


32.921 


89-96 


322.28 


3:J.262 


94 


95.. 


34.251 


3;i.97S 


34.192 


90-99 


333.99 


34.500 


95 


96.. 


35.605 


35.829 


35.087 


91-100 


344.50 


35.618 


96 


97.. 


:t7.541 


37.458 


37.521 


92-101 


353.50 


36.564 


97 


se.. 


39.1:<3 


39.250 


39.155 


93-102 


360.63 


37.361 


98 


9U.. 


41.089 


40.962 


41.226 


94-103 


365. CO 


37.914 




100.. 








95-104 


367.66 


39.494 


100 


101.. 








9S-I05 


360.62 


42.102 


101 


102.. 












45.739 


102 


103. 












50.404 
56.098 


103 


104.- 












104 


105.. 












62.821 
70.573 
79.353 


105 


IWf 












100 


107.. 












107 


loe.. 












89.162 

100.000 


108 


100.. 












109 
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Tbe foregoing method affords a read; meansof diminiabJDg theirregn- 
larities of a series without removiug them nitogether. It can be proved 
that iu a series of the mth order, if any m + 1 or more eoasecutive terms 
are adjusted by any single formula, such as (IG) or (1^0), the adjusted 
values will themselrea form a series of the mth order. But, although tbe 
order of the series remains unchanged, the absolute values of the Jiffer- 
euces are in general diminished, and thus an approximate graduation is 
secored. 

THIBD UETHOD OF ADJUSTKBNT. 

Tbe second method can be combiued with ordinary interpolation in 
Such a way as to furnish an adjustedseriesof any given order, extending 
to any desired number of places of decimals. For example, let tho terms 
of series {/) in Table II be grouped together by decades of age, as was 
done in forming (c) in Table I. Tbe ninety terms form nine groups of 
teu terms each. Their sums are — 

8, =4.50531 84 = 12.26340 8,= 95.23130 

S, = CSOjSI Sj = 2OMi20 S, = 199.05500 

Sj = 8.79C41 8, = 42.51440 8, = 333.99100 

These uiue values form a series which has eight orders of differences, 

as follows: 

J,= 2.30060 J, = 1.78639 Jj = 2.38714 J, = —16.70885 
Jj = —.31000 A, = 1.87103 J, = 3.44640 J, = - 7.75719 
Using the ordin?.ry formula for interpolation by finite differences, we 
can obtain nine eqiudistant values between every two terms of this 
series, so as to make 81 tenns in all, forming a perfectly graduated 
series of the eighth order. The terms of this series are approximately . 
the sums of the terms in (/) for every possible decade of agei commencing 
mtb 10 to 19, 11 to 20, 12 ta 21, &c., and ending with 90 to 09. To con- 
struct the series, nine consecutive terms were carefully computed, their 
eight orders of differences were taken, and the rest of the series was 
constructed therefrom by simple additions and subtractions. One great 
Mlvantage of this mode of procedure is, that the agreement of the 
values thus found for tbe decades 10-19, 20-29, &c, with tbe given 
values S„ Sz, &c., furnishes a convenient test of tbe accuracy of the 
whole work. It is necessary, however, to carry out the values of the 
function and tbe differences to a large number of places of decimals, 
otherwise the error represented by tbe neglected figures will accumulate 
BO as finally to vitiate some of the results. Id the present case, the 
decimals were carried out as far as they would go ; that is, to tweoty 
places. 

The series is readily extended by the same law, so as to comprise all 
tbe possible decades of age fh)m 4-13 to 96-lOS. Thus completed, it ia 
given iu column (g). Now let St, St, % S„ be any four consecutive 
terms in it, and in formula ( 8 ) take — 

n, = % = 10, «, = !, a, = J, 1=0, »=1,^-^^^^, 
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tlien we have — 

M' = A[21(8.+93)-17(Si+S4)] ... (30) 
This formula gives ao ai^usted value for any term iu series (/) by 
means of tbe sums of the terms iu tlio four Dearest decades a9 given in 
series (g). ^or instance, at the age 33 tbe value obtained is — 
u' = ^ [21 (8.7964+9.0228)— 17 (8.5H48+9.2G72}] 
= .88399 

Colnmn (k) shows tbe £rnidaat«d series, carried to as many places of 
decimals as are Deeded in order to give five significant figures. It is of 
the eighth order, and the arithmetical means of tbe terms in the nine 
decades 10-19, 20-29, &c., are approximately equal to those io series {/), 
though not precisely so. This method of adjustment, however, has ooe 
advaotage, namely, that it enables us to divide a given series into a 
large number of groups, and make the graduated series of as high an 
order as we please, without previously obtaining formulas lilie (E) and 
(F), which rei^nire some labor when tbe number of groups is increased. 
If the number of terms in a group is other than ten, it will be easy to 
find a corresponding formula similar to (30). When it is an odd num- 
ber the formula will be derived from (13) instead of from (S). For ex- 
ample, with eleven terms in a group we have — 

n,^ni^ll, ai^l 

and (13) becomes — 

«'=a,— tV(Si+83) .... (31) 
giving the adjusted value of a term by means of the soma of Che terms 
in the three nearest groups of eleven terms each. 

Series (A) shows a minimum at the age 12, and increases continu- 
ously thereafter. It terminates at the age 99, and must not be ex- 
tended farther by tbe same law, for since (17) is a series of an even order 
with the final difterence, Ji, negative, it will, if produced far enough, 
diminish at both ends instead of increasing as the rate of mortality 
does. Tbe limit of old age is evidently not reached until one year after 
the point where the probability of dying within a year becomes unity, 
tbat is, certainty. The position of the limit is very doubtful. The old 
Combined Exiierience table places it at 100, tlie Carlisle table at 105, 
tbe English Life Table ISo. 3 at 108, tbe French table of Deparcieux at 
95, the tables of Duvillard and I>e Montferrand at 110, and the United 
States census table of 1860 at 106. Owing to the paucity of reliable 
observations at the greatest ages, the termination of series (A), or that 
of any other graduated table, must necessarily ba somewhat artificial. 
This is not of much consequence in practice, for the chance of attaining 
any age beyond 100 is Bo small aa to make bat little difference in the 
value of an assurance or annuity for a person in middle life. If we 
assume 110 as the limit in the present case, then from the three known 
Talaes of the probability for the ages 9S, 99, and 100, the values for Uie 
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ages 100 to 108 can be cx>iiipnted bj ordinary interpolation. Formnlft 
(2) may be tisetl lor tbU purpose. If we take — 

ni = ni = tt,^l, fl^l, B=tt, Si =«i, Si^vg, Sa^Uj 
that fonunla reduces to — 

Q=a,xlx+aj) f 

R=a,a3{«,+a,) > (32) 

«=^t(E-P— Q)«,+Pti,+Q«j) 

If Ki, M(, Wj, denote any three terms in a series, aud the origin of coor- 
dinates is at ih, aud ni and o^ denote the positive distances of «i anil 
Uj from %, the above formnla enables us to iuteri>oIate any fourth term, 
u, whose abscissa is x. If we now take — 

ai=l, 03=10, u,=37.3C3, Ut=S'iMi, ti3=100 
formula (32) t>ecome8 — 

tt=37.014+1.0C53ar+.51433 x^ 
When the values 1,2,3, &c.,areHssig:ue(it0 3;in this equation, the result- 
ing values of u will be the desired terms for the ages 100, 101, 102, Sx~, 
as they stand in column (fc). The continuity of this added portion with 
the rest of the series may be improved a little by adjusting, with form- 
ula (20), a few of the terms adjacent to the point of junction. The att- 
juBted values are as follows : 

96 36.636 

97 36.3C8 

98 37.139 

99 38.114 

100 39.701 

101 42.186 

Series (h), thus amended, is ready for practical use in the cotistrDcHon 
of commutation tables. 

It is not claimed that this series is the best one which can possibly be 
obtained by similar methods. The preliminary adjustment by the Recoud 
method admits of some variation, and repeated trials would be required 
to determine whether the form of the final series might not be varied 
with advantage by making it of soD4e other onler than the eighth, or by 
taking the groups between some other limits than 10 and 99, or by botk 
these modifications together. But it is believed that the graduatioD 
here obtained is accurate enough for practical purposes, and will com- 
pare favorably with that of any table now in use. 

We do not kuow, and perhaps never can know, anything definite re- 
specting the precise analytical form of that function which we call tbe 
law of mortality. Various formulas, mostly transcendental, have been 
devised to express it, but no one of them has yet re-ceived nniversal 
recognition as correct to the exclusion of all others. While this state 
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of the case continues, the problem of constructing a tahle of mortality 
must he regarded as, to some extent, an indeterminate one. Kot only 
ifi absolute accuracy unattainahle, but wo cannot even decide, by the 
method of least squares, that a certain result is the most probable of 
any; for the true form of the function being unknown, any particular 
residual error, or difference between the observed and computed values 
of a term, will in general bo the aggregate of two errors, one of them 
due to the difference of form between the assumed function and the true 
one, and the other due to the error of observation or difference between 
the observed value and the true value. The latter portion only can be 
of the nature of accidental errors, so as to be subject to that law of dis- 
tribution wbicli the method of least squares assumes, aud which is 
derived from the theory of probabilities. Hence, we cannot infer that 
because we have made tlie sum of the squares of the residuals a mini- 
mnm, the resulting values of the constants which enter into the assumed 
equation of the series must be the most probable values.. To justify 
sacb an inference, it would be necessary to make the sum of tlie sqaares 
of the accidental portions of the residuals alone a minimum ; but we 
have no means of efiectiug this, for we cannot separate the accidental 
portions from the others. When the method of least squares is applied 
under circumstances like these, it loses its peculiar claims to theo- 
retical accuracy, and becomes merely a method of interpolation, whose 
merits are to be judged, like those of other methods, by the amount of 
labor required in obtaining the final results, and by tlie degree of ac- 
curacy with which these results represent the observations. We may 
presume that the best method of reduction for tables of mortality is 
that which will give, in the simplest manner, a graduatedseries conform- 
ing to those conditions, which are known to govern sucti tables, and 
representing the observations with the necessary degree of accuracy. 
In behalf of the method here proposed, it may be said that the process 
of computation is comparatively simple; that the observations are 
represented with great accuracy throughout oil the middle ages of life, 
which is just the portion where accuracy is most important in practice; 
and that a transcendental formula, if it contains not more than three 
or four constants, will be very likely to prove inferior in this respect. 

From all the foregoing considerations we conclude that a very good 
way to graduate an experience rate of mortality for insured lives will 
be, to form a series like (d), expressing the probability of dying within 
a year, at each age, and to adjust it approximately, in the first place, by 
some formula or formulas under the second method, and then, dividing 
the adjusted terms into the proper number of groups, to complete the 
gradnation by either the first or the third method. Treated in this way, 
the arithmetical means of the terms in the several groups will be brought 
nearer to their normal value than they would be if the approximate or 
preparatory adjustment were omitted. 

In couBtructiug a rate for general i>opulation fivm census retiiri|saDd 
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registration of deaths, it will probably be best, to adjust the population 
for each year of age at eacli cousub approximately by the second method; 
that 18, by (20) or HOme similar formula^ The retoras of two or more 
census enuuieratioDS thus adjusted will enable us to compute approxi- 
mately, by knowQ methods, the mean populatiou living within each year 
of age during the period embraced by the registry of deaths; and from 
this series the mean number of persons who unnually attained each year 
of age during that period cau be found by (28) or some similar formula. 
The mean number of deaths annually occnrring within each year of age 
must also be adjusted approximately by the second method, and then we 
shall only have to divide these annual deathsforeachyearof ageby the 
meau number of persons ammally attaining such age, toobtaiu an approx- 
imately adjnsteil series cxpressiug the probability of dying within a year 
at each age. The graduation of this series can be completed by either 
the first or the third methoil, and from it we can construct the usnal 
series of the nnmbers who live to attain each year of age out of a given 
numtwr of persons who are born. 

It should be remarked, however, that in infancy and early childhood 
the rate of mortality varies so rapidly that the years ought not to be 
grouped together as in the first and third methods. Bnt these years ate 
nnimportanl so far as life insurance and annuities are concerned, and 
for practical purposes it will suffice to hare a completely graduated 
series from the age of ten or fifteen up to the limit of old age, and t« 
adjust the series at the earliest ages by the second method only, or not 
at all. The latter alternative is perhaps the best, since the ages of 
youug children can be ascertained with greater certainty than those of 
adults. 

The aecnracy of a series obtained by the first or the thtnl method will 
be greatest at and near tbe middle, and least at the extremities. If it 
should be found that tbe graduated values at either end of a table of 
mortality thus constructed are sensibly erroneous, they cau be rejected, 
and their ])laces supplied by the original values, and the adjustment 
of these, and their continuity with the graduated portion, can be 
approximately secured by the use of some formula under the second 
method. 

HETHOD OF COHSTEUCTING A TABLE OP MOHTALITY WITHOUT AJtT 
BEOISTRATIOM OF DEATHS. 

It has been proposed to determine the law of mortality for general 
population throughont awhole country by means of two successive cen- 
sus enumerations, taken, for instance, at intervals of ten years, as is now 
the case in the United States and in Great Britain, together with a reg- 
istry of the immigration and emigration which occurs during the inter- 
vening ten-year period. If at the first census a certain population, P^ 
is returned as aged m and under m-|-l years, then at the second census 
tbe survivors among them will be retomed as aged »> -1-10 and aiHler ' 



BfETHODS OP INTERPOLATION. 303 

m+11 years, and the diflference P„ — Pm + u, between these two ennmer- 

attons will be the number of deaths which have occnrred out of the pop- 

nlatiou P„ withio the ten-year period, if there has beeu do immigratiou 

or emigmtioD, or if the immigmtiou niid eraigratioTi have been equol, so 

as to balance each other. If we regard P^, and P^ no as representing 

the uuinl)ers annually attaining the exact ages tn+J aud m+lOJ, ttiea 

P 
the fraction — ^^^ will denote the probability that a person aged 

fli+) will live ten years. 

In the United States, however, the number of innnigrants contiu- 
naliy entering the country is so large as to becoi^e very important in 
this connection. Emigration from the country is comparatively small ; 
hnt assuming, for the sake of generality, that there has been a registry 
kept of the ages of Iwth immigrants and emigrants, let us denote by I 
the number of persons who have entered the country during the ten- 
year period, and who are of such age as to have been m and under m+l 
years old at the time of tl)e first census, and let E denote the number 
of persons of similar age who have left the couutry during lite same 
period. Also let D be the number of deaths which have occurred in the 
country out of the excess I — E of immigrants over emigrants, and let 
Pn + ID denote the iiopulation returned as agetl m+10 and under m-f 11 
at the second census. Then the portion of I — E surviving at the second 
census is I — E—D, and the difference Pg, + m — (I — E — D)i8 equal to 
that portion of the initial population Pn, which 8ur\'ive8 at the time of 
the second census. The probability that a person aged m+^ will live 
t«a years is therefore expressed by — 

r„,^i„— (I— E— D ) 
p„ 

AH the quantities involved in this fraction are known excepting the 
deaths D ; aud as this is a small number compared with the others, the 
result will not be seriously affected if we compute the value of D, or, 
what amounts to the same thing, coropnte the survivors (I — E — D), 
by means of any good tabic of general mortality, considering separately 
the excess of immigrants of the supposed age who have entered the 
country in each one of the ten years. (See the Assurance Magazine for 
April, 18C7, page 289.) 

We can thus obtain theprobability of living ten years for the middle 
of every year of age throughout the whole term of life. If the statistics 
of population and migration are given in the first place by decades or 
other intervals of age, the numbers can be distributed among the single 
years by means of (3) or some similar formula derivable from (2), (8), or 
(G). On the other band, if tbe statistics are given for single years, the 
irregularities of the series can be diminished by using some formula 
Diider the second method of adjustment We may assume, then, that 
tbe probability of living ten years has been ascertained for tbe middle 
of each single year of age, and that these probabilities form an approxi- 
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mately adjnsted series. The problem which retuains to be solved is, to 
flud the probability of liviog one year at each age when the above-m^i- 
tioned probabibties of living ten years are given. 

It is an interesting point in relation to the whole subject of gradiia,tioii 
of numerical series, that, instead of graduating a given series directly, 
•we can take a cousrant function of each term in it, thus forming a Dew- 
series, and, having graduated this, we can inversely derive from each of 
its terms a graduated value for the corresponding term in the original 
series. One consequence of this principle is, that if we take the loga- 
rithm of each term in the given series, and divide the series of logarithms 
thus formed into groups and graduate it by the first method, and then 
take the numbers corresponding t« the graduated logarithms, we shall 
have a graduated series representing the given one, and possessing this 
property, that the products of the terms in the assumed gronps in it will 
be severally equal to the products of the terms iu the corresponding 
groups in the given series. This is evidently the case, because the snms 
of the logarithms of the terms in the assamed groups are equal iu the two 
aeries. Furthermore, since the equation of the graduated series of loga- 
rithms enables us to inteipolate the sum of the logarithms of the terms 
in auy group when the sums of the logarithms of the terms in the assamed 
groups are given, it follows that when the products of the terms, in any 
assumed gronps in a uumerical series, are known, we can find, by interpo- 
lation, the product of the terms in auy other group, or any single term. 

Now letp,a*\iPu + nttPm + ntt &<:-, denote the probabilitiesof liviogone 
ye^r at tbe exact ages m+i, m-t-lj, m+2^, &c The chance of lining 
through any one year of age is contingent upon having lived through the 
' years which precede it, so that the probability that a person aged«-i-^ 
will live two years is equal to the product pn + h XPa + n,, and the proba- 
bility that he will live teu years is equal to the continued product — 

JJi + i^XPrn + l^XPnti^X XJ)„*»^ 

It appears, then, that the probabilitiesof living one year at each age 
form a series such that the product of any n terms taken in a group 
is equal to the probability of living n years at tbe age corresponding to 
the first term in tbe group ; and hence, acconling to the principles which 
have been stated, we can find, by interpolation, the probabilities of liv- 
ing one year when the probabilities of living ten years are known. 

Any twelve consecutive terms iu a series will form three gronps of ten 
t«nns each, and formula (2) will enable us to find any single term by 
means of the sums of the terms in the three groups. If we take — 

then (2) reduces to — 

«=B»„[748,— 33(S,-fS,)-f4(S3-S,)x+4(S,+Si-23,);t»J . . {331 
Let S], S:, and S3 represent tbe logarithms of the probabilities of living 
ten years at tbe ages m+i, m+l^, and m+2i, respectively ; then if we 
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assign to^^tbe values — i, +|, -|-|, &c., in succession, the resaltiog 
valaes of u will be the lofnaritbtns of the probabilities of living one year 
at the ages m+S^, m+6i, m+l^, &c. If we take 2=0, the valoe of 
tt will be the logarithm of the probability of living one year at the age 
fl»+6, and ve shall have the simple formula — 

logJJ,n + .=AI74S>-33{S,+8,)] ... (34) 
To illostrate the use of this by an example, and to test its accniacy at 
the same time, let ns suppose that there is no migration, and assume 
that, in accordance with the English Life Table, No. 3, for males, the 
population living at the first census, between the ages of 64 and 65, 65 
and 56, 66 and 57, respectively is — 

Pm=212061, FKi=206984, Fig=201772 

and that the snrvivors at the second census are — 

Pm=154130, P„=147319, Pm=140299 

The logarithms <^ tbe probabilities of living ten years at the three ages 
644, ^f ^^ ^ ^'^ therefore— 

S,=logPM— logp94"=1.8614518 
8,=log P»— log Ph =1.8523219 
S3=IogP„— logPM=1.8421937 
and since m=54, we find that the logarithm of the probability of living 
one year at the age Tn+6=60 is~ 

logj>»=A[74 S,-33{S,+Sa)] =1.9856440 
This value differs but very little from tbe one which is actually given 
by the English table, namely — 

logi>w=log 'si-Iog fHi=log 176421— log 182350=1.9866445 
The-method followed in the above example will be fonud snfDcientfor 
the determination of the probability of living one year after every birth- 
day, except the first nine or ten of childhood and the last seven of old 
age. WiUi the help of formula (33) we can find the probabilities for all the 
ages of childhood, except the first three or four, by assigning toir the nega- 
tive values — 1, — 2, — 3, &c., which will give values for logjjm^j, 
logjv **) logi>iB *■ II &c. So, too, for the last years of life, we can find 
logpm 4. 1, logpn + »r log Pnn- 9) &c., by assigning to a; the positive values 1, 2, 
3, &e. This will complete the series of values of logp from early child- 
hood to extreme old age. As it will be already approximately adjusted, 
nothing more will remain but to divide it into groups of an equal num- 
ber of terms each, and to make the final graduation by either the first 
or tbe third method. There will be a convenience in graduating the 
logarithms instead of the corresponding numbers, because log j>, and 
not p itself, is what we require for compnting in tlie most expeditions 
manner tbe numbers living to attain each year of age out of a oiYeB' 

20S71 c..on[;n7 
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nntuber of persons wbo are boro. It is qnite possible, too, that the 
form of tbe series may be improved by this mode of procedure. 

The foregoing method of reduction will evideatly api>ly to cases where 
the interval between the two census ennmerations is any whole number of 
years other than ten, or even a fractional number. Suppose it to be ten 
and one-half years for instance, and take^ 

ni=»ij=7ij='^, 01=03=1, «=1, S=tt 

then formula (2) reduces to — 
a=nW[970S,-437(S,+S3)+48{S3-S,)a;+48(S,+S,-2S,)a^ . . (35) 

Let Si, S3, and Si be tbelogaritbmsof the probabilities of living ten and 
one-balf years at tlie ages m+i, m+lj, and nt-|-2i res]>ectively ; tbeo 
if we assign to x the values — f, — }, + $, &c., in succession, theresnlt- 
ing values of v will be the logarithms of the probabilities of living one 
year at the ages OT-f5, m+6, m+7, &c. When x= — }, tbe formula 
becomes — 

logP«+«=sii(4829,-211S,-233S,) . . (36) 

fh>m which values of log j) can easily be found for all bat the extreme 
ages of life. 

If the interval is either exactly or approximately an odd nnmber of 
years, there will be a slight advantage in deriving the fonnnla of reduc- 
tion firom (8) rather than from (2). Suppose, for instance, that the seoood 
census is taken five years after the first one. In the series of logarithms 
of the probabilities of living one year at each age, any eight consecn- 
tive terms will form four groups of five terms each, and formula (8) will 
enable us to find aoy single term by means of the smns of the terms in 
these groups. If we take — 

fl,=}t:=5, "1=3) «3=ij «=1, S=u 

then (8) reduces to — 

"=Si [1' {S>+S3)-9(Si+S4)J + ~[405(S,-S,)-103(S,-S,)] } 
+5(^ + ^*)-(^+S>)J+^[(S4-Si)-3<83-8,)] ) 

Let Si, Sj, S3, Sj, denote the logarithms of the probabilities of living 
five years at the ages m+J, m-f IJ, m+2^, m+SJ, respectively ; then if 
X takes the values —1, 0, +1, &c, in succgssion, tlie resulting valaes of 
u will be the logarithms of the probabilities of living one year at the 
ages m+3, m+i, m+5, &c. For x=0 we have the simple formula — 

logj^„ + 4=,fe[17(S»+S3)-9(S,+S,)] ... (38) 
which aSords a ready means of determining log p for all the birthday 
except the extreme ones of childhood and old age. 
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TUe general plan for gratluatiDg irregular series of nnmbers, whose 
application to the coBStruction of tables of mortality has now been in- 
dicated, will undoabtedly be foiiiid useful in other directions. Every 
physical law is a mathematical relation between one or more variables 
and a function. To ascertain the form of this relation, or the law of 
the natural phenomeuon, we must obtain, by observation or experiment, 
a number of values of tlje function corresponding to known values of 
the variable, and then endeavor to find some analytical formula which 
will connect and express them all. For a statement of the nature of 
this general problem, and of the graphical and tentatire methods which 
have been employed for its solntion, see the discussion of experiments 
for ascertaining the law of variation of the density of water at different 
temperatures, given by M. Jamin in the Coura de Pkysigue de PEcoXe 
I^lyteckni^ue, Vol. II, pages 39 to 50. The number of observed values 
of the function is ordinarily much greater than the number of constants 
in the desired formula. If there is hut one independent variable, and 
the observed values of the function are plotted as ordinates to a curve, 
the corresponding values of the variable being the abscissas, this curve 
trill be a more or less irregular or wavy line, because the ordinates which 
fix successive points in it are subject to the errors of observation. In 
'an exact equation of this line, the number of constants would, in gen- 
eral, be as large as the number of observations taken. The problem 
presented is, to simplify the equation by reducing the number of con- 
stants, while preserving a form of curve which shall approximate to the 
original one as closely aa possible. Our first method of graduation 
secures such approximation by taking the ordinates of the original curve 
in groups, and making the arithmetical means of the ordinates in tbe 
corresponding groups in the new curve severally eqnal to those in the 
original one. The equation of the new curve can only contain as many 
constants as there have been groups assumed. This plan has obvious 
advantages over the one usually followed, which is, to selector compute 
as many normal ordinates to the original curve as there are to be con- 
stants in the equation of the now one, and then subject the new curve to ■ 
the condition of passing through the extremities of these ordinates, thns 
making the accuracy of the new curve dei>end on that of the observa- 
tions, as represented by the selected ordinates, instead of depending 
alike on all the obslrvations in each gronp. 

When it is not convenient to have the observed values of the fonction 
correspond to equidistant values of the variable in tbe first place, they 
can be reduced to equidistant ones either graphically, or by ordinary 
interpolation with Lagrange's formula, or with (32), which is merely one 
form of n special case under it. The irregularities of the series may 
then be diminished by the second method of a^nstineut, and, finally, 
the first method will give an equation which will express the law of the 
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pheDomeDon bo far as that law can be expressed by bd algebraic and 
entire function.* 

In practice, when this method is to be applied to the graduation of 
a particular series, it will not be essential to have the assumed groups 
contain an equal number of terms each, nor to make the groups consecu- 
tive. Their positions, and the namber of terms they contain, may be 
entirely arbitrary. The integral — 

(A+BiF+OiS»+ +TaF')dx 

expresses the sum S of the terms in any group in a series of the mtk 
order by means of the m+l constants A, B, 0, &c., the number « of 
terms which the group contains, and the abscissa x of the middle point 
of the group, each terra in the series being regarded as an area occupy- 
ing, on the axis of X, a space equal tx> unity. In the case of any one of 
*Iie assumed groups, we know the sum S of the terms in it, and their 
number n, and the abscissa x of their middle point, so that we have an 
equatiou of condition which, besides the tn+1 constants A, B, C, &c, 
contains only numerical quantities. Eaeh group assumed furnishes one 
such equation. By assuming m -f 1 groups we shall have as many equa- 
tions as there are constants A, B, G, &c., to be determined, and hence 
it will always be iiossible to find the numerical values of the constants. 
Substituting their values in the general expression for S, arranging Uie 
terms according to the powers of x, and patting »i=l and S=i(, we shall 
have an equation of the form — 

«=A'+B'j-+C'x*+ +T'i" 

which will be the equation of the graduated series, and from which that 
series may be constructed. It will bave its inth difTereuces constant 
and the arithmetical means of the terms in the corresponding groups 
in it will be severally equal to those of the terms in the m+l groapa 
assumed in the original series. 

But although the positions of the groups and the numbers of terms 
which they may contain are thus unlimiU^d in theory, it will probably 
be best in most cases to make tbem consecutive and consisting each of 
the same number of terms. When the law of a series varies very rap- 
idly in some places, and slowly in others, it may indeed be necessary to 
assume, at those portions of the series where the variation is most rapid, 
a larger number of groups, consisting of fewer terms each, than will be 
required in the portions where the variation is slow. But with a fixed 
number of groups, the process of finding the values of the constants A, 
B, C, &c., will be simplified if the groups are assumed so as to be sym- 
metrically situated on either side of the origin of coordinates; that is, 
situated in such manner that for every group of terms whose abscissa 

*Tbe coBBUnt difference of tbo abecissaa or ftrgamenta !■ bere OMnmed to be widtj- 
Bat if we \rieb to regard it as any other qauitHy k, we slwQ meielf iMve to Mibst)tat<t 
tn the fiool equation, j^ in the place of X. ( onolc 
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is +x' there sbftll be a group of an e^aal oamber of terms wbose 
abscissa is — 3/, and vice versa. 

Cases will often occur where ths whole number of terms in a series is 
not an exact multiple of the namber of groups we wish to assume, and 
therefore will not form the desired number of consecutive groups cou- 
taiuing each an equal and entire number of terms. But it is not ueces- 
sar? that the number of terms in a group should be a whole number. 
If we suppose it to have a fractional part, theu certaia terms in the 
given series must be divided each into two portions, and each portion 
mast be Joined to its proper group. Every such term being geometric- 
ally represented by an area whose base is unity, and the two parts into 
which this unit is divided being known, the problem is, to divide the 
acea into its two corresponding parts. We can often do this accurately 
enough for practical purposes by assuming that the two portions of the 
area are proportional to the two portions of the base ; but a much closer 
^prosimation will be made by taking the term in question and the two 
others nearest to it as data for au interpolation by formula (A). Let S], 
Si, S}, be the three terms, and let n denote the first one of the two parts 
into which the base of Sj is divided; then if we take^ 

«,=!, ar=-5(l-»t) 

formula (A) reduces to — 

8=-^[2Si+5S,-S3+3(Sj-Si)n+(Si+S3-28,)n*] . . . {39)" 

where S is that portion of the area Sj which corresponds to the first 
Pactional part of the base. The other portiou is of course S: — S. For 
example, if we wish to divide the ninety terms of series (/) into seven 
consecutive groups of an equal number of terms each, the number of 
terms in a group will be s^=12f. The sum of the terms in the flrst 
group will be composed of the twelve terms for the ages 10 to 21 inclu- 
sive, together with so much of the term for the age 22 as corresponds 
to the fi'actional interval n=^. The three terms for theages21, 22, and 
23 are— 

Si= .67539, 8j= . 68445, 8,== . 67164 

and formula (39) gives for that part of 8j which belongs to the first 
group the value S=.58G95, and the sum of the terms in the first group 
is therefore 6.42804. The portion Sj— S=.0975O belongs to the second 
group. After the sums of the terms in all the other groups have been 
formed in the same way, the equation of a graduated series of the sisth 
order can be obtained by means of formula (E), just as when Hi is a 
whole number. The accuracy of this last part of the work can be tested 
by the condition that the sum of all the terms in the graduated series 
must he precisely equal to the sum of all the terms in the original 
series (/). 

' TUis furmnla can also be written — 
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We have remarked that wheu a series is graduatetl by means of 
formulas sncb as (A), (B), (C), &c., the accnracy attained is greatest at 
the middie of the series aud least at ita extremities. The question then 
arises, whether the errors cannot be more equally distributed tbrongb- 
ont the whole series by making the number of terms in a group smaller 
at the extremities and increasing ap to the middle, lusted of having 
the number the same for all the groups. When any partlcalar law of 
increase is adopt«d, there will be no difficulty in finding corresponding 
formulas similar to (A), (B), &a, by which to compute the values of the 
constants. For the results of some recent investigations by Tcbebitcheff 
with regard to the best arrangement of the data in making ordioai; 
interpolations, not from groups, but from single terms or ordinalcs, see 
the Traits de Cdlcul JHffSrentiel of J. Bertrand, pages 512 to 521. These 
naturally lead to the supposition that when the method of groups is 
used, the best representation of a given series by another of algebraic 
form will be obtained by regarding the whole interval which the series 
occupies on the axis of X as being divided, not into equal portions, bnt 
into portions which are the projections upon it of equal divisions of a 
semicircle drawn npon that interval as a diameter, the number of these 
divisions being made equal to the number of groups assumed. Of 
course the uumber of terms in each group will in general be fractional. 
For a series of the second order, the numbers of terms iu the three 
assumed groups will be — 

n,=7!a=JKri— C08^'^=JN 
«j=XcoS7r = iN 

where TS denotes the whole number of terms in the series, so that JN is 
the radius of the semicircle. In equation (1), 

S=n[A+Bx+C(*»+,V)] 
we substitute for n its three values ni, n^, and ttj in succession, and for j 
the three corresponding values — 

a:=-|N, x=0, a;=|N 

thus obtaining the three equations of condition — 

S,=}N(A-|BN+ACIC) 

S,=JN(A+;^CN>) 

S,=JN(A+|BN+J,CN') 
These determine A, B, and C; aud arranging tbe original equation 
according to the powers of x, we liare tbe formula — 

A=5ij[7S,-(8,+S.)] 

s-a(A+^c«'+Bi+ei')/ Google 
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In tbe same way we can find the valaes of four, five, &c., constants in 
the general formula (12). For a series of the third order, the numbers 
of terms in the four groups are— 

«.=b,=Jk(i-co8^^=J(2- V2}N 
»i,=ji3=^X COS ^=i^ ■^ 
and the distances from the origin to tbe middle points of the groaps are 

ai=i(2+^)If, «,=iNV2 

When these valaes are substituted in formula (8), tbe constants reduce to — 

A=^[(2 %/2-l)(S.+a3)-(Si+S,)]\ 
B=4[3{S,-8,)-(S,-S,}] I 

C=^(Si+S,)-( V2-1)(S,+S3)] ( 

»=^[(S*-Si)-(83-S.)] I 

For a Beriea of the foortli order the Qumbers of terms in the five groups 
are — 

»,=ii,=jN^l-cosl")=.0954915N 

«,=n4=4Nr cos = —cos -^ )=1N 

«,=N cos ^=. 3090110 N 

and proceeding as in the case of formula (40), we find that the constants 
aie^ 

A=^[3.777709S,+J(S,+Sj)-.41U456(S,+S.)J 

' B=^[13.088544(8.-S,)-¥(S,-S,)] 

C=Jj[55.33376(S,+S,)-71.732Sl 8,-iji(8,+S,)ft (42) 

D=ij[Sil(8,-8,)-(i3.28e68(S,-S,)] 

E=^[S,+(S,+S.)-(S,+S.)J 

"We might go on in the same way to find formulas for constructing series 
of still higher orders. It will be noticed that in all these cases, in tbe 
expression for tbe final constant, tbe sums S), Si, &c., have tbe samo 
coefficient when taken without regard to sign, so that all the terms in a 
given series will be of equal weight in determining the coefficient of the 
highest power of x, /- i 

* *^ D„:,N..-jM,G00glc 
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Kevertbeless, each trials as have been made with tliis system of groop- 
ing have not resulted fjavorablj for it« nse io constrnctiDg mort^tj 
tables. The series seems to be rather distorted by it. This ia sbowo 
vheD ve coDStroct by formnla (12) a series of the foarth order to repre- 
sent the given series (/). Here we have S^={H>, and consequently — 

«,=iii=8.S9i235, «,=M,=22J, fl,=27.81153 

so that the snms of the terms in the five gronps, as fonnd by the aid of 
formnla (39), are — 

8,= 3.63932 3,= 68.3619 

8»=xl7.60021 84=337.0663 

8s=297.960 
the five constants are fonnd to be — 

A=1.919514 C=.008277894 

B= .1673728 D=.0001612150 

£=.0000006635611 
and tlie eqnation of the graduated series stands — 

i(=L920204+ .1674106 x+ .008278226 ;£*+ .0001612150 2> 
+.0000006635C11I* 
If the Talaes — ^, -|-^, +1, &c., are assigned to x, the resulting valnea 
of u are the terms in the graduated series for the ages 54, 65, 56, &c. The 
sum of all the terms in the series is equal to the sum of all the terms in 
(/], as it should be. Bat it does not afford a good representation of (/), 
especially in the first half. It begins at the age 10 with the valne 
.14024, goes on increasing np to the age 27, where it has a maximam 
of .81152, then diminishes np to the age 3G, where it has a mlni- 
mam of .77662, then increases to the close, having the value 41.690 at 
the age 99. 

On the other hand, if we construct by formnla (G) the eqnation of a 
similar series from five consecutive groups of eighteen terms each, the 
snms of the terms in the gronps are — 

8i= 9.82620 83= 39.94320 

Si=16.89333 St=164.9GG0O 

St=502.98900 
the five constants are— 

A=2.023103 C=.007188222 

B= .1433032 D=.0001722763 

E=.000001434104 
and the eqnation of the graduated series is — 

«=2.023702+.1433463aT+.007188939ir»+.0001722763a:' 
+.000001434104 «« 
This represents (/) with a considerable approach to accuracy, commenc- 
ing at the age 10 with the valne .32319, increasing continuously there- 
after, and terminating at the age 99 with the value 43.443. Ttaisexam- 

;, Google 
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pie seemB to indicate that so far aa has yet been ascertained, the most 
advantageons mode of gronping is to make the groups consecutive and 
composed of an equal number of terms each; a system which has, 
besides, the merit of greater simplicity." 
The algebraic and entire function — 

is of course not the only one which it is possible to employ for the purpose 
of graduating a given irregular aeries. If we take any otber continuous 
Amotion — 

, y=y(A,B,0, T,*) 

then, as before, the integral — 



S: 



= r*^*"? (A, B, C, T,x)dx 



will express the sum Sof the terms in any group in the graduated series 
by means of the^^umber n of terms which that group contains, th^ 
abscissa x of its middle point, and the constante A, B, G, . . , T, 
By assuming in the given serien as many groups as there are constants, 
and giving to S, n, and x their numerical valaes taken fiom these several 
groups, we shall have as many equations of conditioD as there are con- 
stante to be determined ; and if we can perform the operations necessaiy 
for finding the numerical values of the constants &om these equations, 
then the equation of the graduated series can be easily formed, and the 
series itself can be constructed therefrom. This series will not have any 
one of its orders of differences constent, but it will be a graduated 
series nevertheless, and the arithmetical means of the terms in the cor- 
responding groops in it will be severally equal to those in the original 
series. It will,'no doubt, sometimes be possible to find in this way a 
transcendental equation which will express a given series more advan- 
tegeonsly than an algebraic equation could do. 
We may here notice a peculiarity of the circular function — 

3,= A+B sin (?J?)+Ccos(^)+D ain2(^) 

+Eco92(?^)+Fsin3(?J-)+Gc083(^)+&c 

in which N denotes the number of terms in the circular i)eriod, or the 
length of the period measured ou the axis of X, so that if the values x', 
x'+'S, x'+2N, &c., are successively assigned to x, the value of y will 
remain unchanged. The arithmetical mean of any n terms taken in a 
group, and also the mean value of the ordinate within any interval n, 
wiUbe— 

• TliU ratty be a too bnstf conclusion. Other trials havu since ehoirn that (40), (41), 
kud (43) do soroetlmeB, and perhaps Keaerally, give the beet results. LkK^Q Ic 



314 METHODS OP niTEEPOLATIOK. 

and coDsequently— 

«=^+^» * ¥[=-( T >•=»< T )] 

The expressions for S aod M are tlias identical in form with the expres- 
sion for y, the coDstants B and G, D and E, F and G, &c., being merely 
multiplied, in the expression for M, by the known factors — 

Kj^^""^} C2^«^"-^> C3^«^°^> ^ 

This property has already been discovered, and ntilized in forming the 
eqnatioDs of curves representing annual variatioDS of temperatare, the 
o.bserved monthly means being taken an data.* (See the Edivbwgh New 
Philosophical Journal for July, 1861, and the American Journal of Sci- 
ences and Aria for January and September, 1863.)t The quantity M is 
there regarded as the mean valne of the infinite number of ordinates, or 
" instantaneous temperatures," which fall within the interval n, and not 
as the arithmetical mean of a finite number n of terms taken iii a group. 
In general, to obtain an expression for the snm S of the terms in a 
gronp, it is not necessary that any integration should be performed. 
Since the form of the function ^ is arbitrary, it follows that the fonu of 
I yd* is arbitrary also, and may be assamed at pleasure. Denoting by 
/{x) any continuous function of one variable, let us substitute in the 
place of the variable first x-\-^ and then a; — }, and let the difference 
between the two results be— 

«=^^+J)-/^*-J) ... (43) 
Let values in arithmetical progression, whose constant difference is 
unity, be successively assigned to a; in the above expression. In the 
series formed by the resulting values of u let any group of m terms be 

'For the purposes of our present moiboti, it irill be most convenient to nrite— 

»-+5|»-'"(?)+c-<t)!+"I"--<t) 

Then, after iut^gmtiog, ne abHll bave— 

For otber rormulaa, see Appendist IV, 

t Tbase orticks aru by J. D. Gveiott. nigm^id m,CjOO<J Ic 
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considered, and let a be the valae of x corresponding ia tbe first term ; 
tlieo tbe sum of the terms in the group is — 

S=/ta+J)-/la-J)+^a+|)-y(a+i)+/(«+|)-/t«+S) 
+ ....... +yio+n-i}-y(a+»-|) 

which cancels at once to — 

Now, if a;* be the value of x corresponding to the middle of the group, 
we have^ 

a/=a+J(n— I) 
and consetiuentlf — 

ao that the expressiou for 3 reduces to — 

S=/^y+3H)-/t*'-Jn} . . . (44) 
We can conceive that, by varyiog tbe form of tbe function / and the 
values of the constants which it contains, the series of values of u can 
be made' to approximate more or less closely to any given series of equi- 
distant numbers which follow some general law. Hence, to graduate 
such a given series, we have only to assume a fanction f(x) of suitable 
form, and substituting in it first x-\-^n and then x — j» in place of the 
variable x, the difference between the two results wilt express the sum 
8 of the terms in any group in the graduated series by means of tbe 
number n of terms which that group contains, the abscissa x of the mid> 
die point of the group referred to an assnmed origin of coordinates, and 
the constants which are involved in the function f[x). In the case of 
any single group the values of n and x tae known, and the value of S 
being taken equal to the sum of the terms iu the corresponding group 
in tbe given series, we shall have an eqaatiou of condition containing 
only the unknown constants and numerical quantities. By assuming 
as many groups as there are constants, we obtain a number of equations 
just sofflcient to determine the values of the coostauts. Substituting 
these values in formula (43), we obtain the equation which expresses 
the empirical law of the given series, and from which tbe graduated oue 
may be constructed. The arithmetical means of tbe terms in the 
assumed groups lu the graduated series will be severally equal to those 
of the terms in tbe. corresponding groups in the given one. 

If we assume more groups than there are constants, there will result 
a number of equations of condition greater than tbe numlter of con- 
stants to be determined. Tbe values of the constants can then be found 
by the method of least squares. In this way we may expect, iu certain 
cases, to increase a little tbe degree of general accuracy with which the 
graduated series represents tbe given one, without at the same time 
increasing the number of constants and raising the degree of the equa- 
tion. But of course the arithmetical means of tbe t«rms in the cor- 
responding groops in tbe two series will now be only approximately 
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equal to each other, and the operatious of finding aod verifying the 
eqnatioQ of the gradaated aeries will become mnch more laborious. If 
we do not know beforehand what form the fonction ought to hare, the 
most eOectnal means of increasing the accuracy of representation will 
be to increase tlie oamber of constants equally with the oamber of 
groups assumed. For instance, it is probable that a series of the sixth 
order, obtained either by the flrat or the third method, will represent an 
approximately adjusted series, sach as {/) in Table II, more accurately 
than any series of the fourth order, whether obtained with or without 
the aid of the principle of least squares, can possibly do. 

The method of least squares can of course be used iadepeodently, fot 
the purpose of graduating an irregular series of numbers. But every 
term will furnish one equation of condition, so that the uamber of equa- 
tions wilt be as great as the whole number of terms in the series, and 
if this number is large the amount of labor required to find and verify 
the values of tbe constants becomes very considerable, while the method 
cannot be expected to have any advantage over tbe method of intwpo- 
lation by groups, as regards the general accuracy of the result, except 
in cases where the assumed function is capable of expressing the tme 
law of tbe natural phenomenon, or of approximating to it so closely that 
the errors resulting from the difference in tbe form of the fanotion will 
be everywhere small enough to be neglected in comparison with the 
errors of observation. Applied to an algebraic and entire function, the 
general effect of the method of least squares will be to increase a little 
the accuracy of representation at the extremities of the series, at the 
cost of increased errors in the remaining portion. To illustrate this by 
an example, let us compare two equations, taken of the second degree 
for the sake of simplicity, each of them i-epresenting the first six terms 
of series (k), tbe first equation being obtained by tbe method of gronpe 
and the second by the method of least squares. In tbe three consecu- 
tive groups of two terms each the sums are— 

Si =.83107, Si=.706S9, S,=.S4173 

and since ni=2, formula (A) gives for the equation of tbe new series— 

M=.39717+.00t7075i+.0051262ai» 
If weasBign to x the values — ^, — |, — ^,&c.,iu succession, tbe result 
ing values of u are the terms in tbe new series, as follows : 
ui=.42404, ua=-30760, «,=.41126 

«,=.40614, U4=.39030, Ue=.4334S 

When these are compared with tbe original values in series (A), their 
differences or errors, taken without regard to sign, are found to be— 
.00176, .OOIOX, .00157 

.00177, .00100, .00158 

The sum of tbe squares of these errors is .0000132. 
>'ext, we form six equations of condition of the second degree from 
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the first six tercas id series {k), and find that by the method of least 
B<|Qar«a the equation of the uew series is — 

« =.39710+ .0015743 x+ .0051468 a;» 
This gives for the terms ia the new series — 

tt,=.42533, U3=.39760, t(s=.41104 

«,=.40C32, M4=.39918, «,=.43321 

the errors are — 

.00137, .00101, .00179 

.00195, .00112, .00131 

and the snm of the sqnaree of the errors is .0000129, which is a mioi- 
mmn. OompariDg these resnits with the ones obtained by the method 
of gronps, we see that nothing has really been gained in accaracy by 
employing the method of least squares, since the maximum error has 
been increased by it from .00177 to 00195. Besides, the method of 
gronps has a great advantage in the simplicity and brevity of the cal- 
cnlatioDB required.* 

The snm S of the terms in any group can be expressed in still another 
form by means of a series. When /{xzkin) is expande<l according to 
the powers of j», it becomes — 

/[i± 1 ») =/ti) d=/'(«) (5) + J/"(I) (2)'± 2^'"(») (I) ' 

+j4:4/"w(1)*±*«- 

where /'(«),/"(*), &c., are the sncceasive differential coefficients of /(ir). 
Consequently we have — 

S=/(*+}")-/(»-l«) 

=. [/'W+2y"w(2)'+jnr^wG)'^(«) 

-*- 2.3.i'5.6.7 ^"'w(i)'+H 
This series will terminate itf(x) is algebraic and entire. To illnstratd 
its application, let as assume — 

/'[a!)=A+Ba;+Cj!* 
then the other derivatives are — 

/"(x)=B+2Ca! 
/"'{x)=2C 
while /"{*), /'(a?), &o., are zero. We have accordingly — 

=n[i.+Bx+V[i!'+-/,n')\ 

* There ia still another method of interpolation, dsTiaed by Canchy, which can be 
DBed in oases of this kind. It is, bowerer, mora laborions than the method here pro 
posed, and trials which have been made indicate that it does not secare any greater 
aeeoncy. For some accoant of it, see the Anterienn Journal of &jnee fbr Jnlf , 1H6S^ 
and ZMnrflle'i JohtmI, toI. 18, page 999. L lOOQ Ic 



318 UETHODS OF INTERPOLATION. 

Thich is identical with formula (1). It will be foand that tbe general 
formnla (11) can be obtained in tbis way more easily tban in any other. 
The particnlar feature of tbe first method of adjustment, that it makes 
tbe aiithmetical means of the terms in the corscsponding assumed 
groups in tbe new series precisely equal to those in the original one, is 
also characteristic of a method which has sometimes been employed in 
solving equations of condition. (Se« the CalcuU Pratiquea Appliqudt avx 
Sciences d^ObaertMilion, by MM. Babiuet and Honsel, page 81.) If tbe 
law of a series is to be represented by an eqnation of tbe form — 

where f[x), ii'{x), &c., do not contain any constants to be determined, 
then there will subsist between any given terms or urdinates jfi, n, j/j, 
&c., and the corresponding abscissas Xi, xt, xj, &c., tbe following equa- 
tions of condition : 

yi=A+Bf:{xi)+Ci'(x,)+&c 

y,=A+B^{x,)+C>iixt)+&e. 

y,= A+By(a;,) + C -t (jv,) + &C. 

&c &c 

Let us suppose for example that there are only three constants, A, B, 

and C, and that the number of terms in tbe given series is any greater 

number, for instance six. Then to reduce the sis equations of conditioD 

to only three, we may add them together in pairs or groups of two, and, 

denoting tbe snms of tbe terms in the three gronps by Si, Sj, Bj, weshall 

have — 

Si=2A+B\<p(x,)+p{xt)]+C[>fi{Xi)+>;>(xt)] 
8t=2A+B[v(x3)+T(x,)]+C[>i'{x,)+<i'(Xt)] 
&,=2A+B[<f[x,)+plx,)[+C[v{Xi)+9{x,)] 
Here there are only as many equations as there are constants to be de- 
termined, and since S„ S*, Sj, and Xi, z^, &c., are known from the origi- 
nal series, we can obtain the namerical values of tbe three constants. 
Let these be A', B', and C; then the equation of the gradoated 
series is — 

y=A'+B'f(x)+C''l'{x) 

and when tbe values x„ xj, 73,&c, are successively assigned to the vari- 
able in this equation, the resulting values of y will be the terms of the 
graduated series, and the arithmetical means of the terms in tbe assumed 
groups will be the same in it as in the original series. This will always 
be the case, without regard to the number of terms in tbe scries, or to 
the number of constants and groups to be assumed, or to the extent or 
position of the gronps. It is not even necessary that the terms grouped 
together should be consecutive, nor that tbe abscissas xi, xt, x^, &&, 
should be in arithmetical progression. 

This method, however, labors under certain disadvantages when cmn- 
pared with the one which we have proposed. The computations it in- 
volves are much more laborious, especially when the number of con- 
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stants or tbe nnmber of terina in tbe series is large ; it does not give any 
general expression like (12) or (44) for the sum S of any n t«rmB taken 
in a group, and it does not permit^ the nse of groups composed of a frac- 
tional nnmber of terms. 

ADJUSTMENT OP A DOUBLE SERIES. 

By methods entirely aoalogons to tliose which have been applied to 
fanctions of one variable, we can proceed to graduate an irregnlar doa- 
ble series or table of values of a function of two variables. The table 
is snpposed to be arranged in the usual rectangular ibnn, the soccessive 
values of each variable being equidistant The intervals between any 
two soch values, however, are not necessarily the same for both varia- 
bles. The algebraic equation — 

z=A+lix+Gy+i:fx'+'Ef+ F jry+ &c 
is the eqnation of a curved surface. The rectangular table being sap- 
posed to be situated in tbe plane of X T, with its sides parallel to the 
axes of X and Y, and its middle point coinciding with the origin of co- 
ordinates, let a series of equidistant vertical planes be drawn parallel 
to the plane of Z Y, and another aeries of planes in like manner parallel 
to the plane of Z X, so that the intersections of these planes with the 
plane of X Y shall form tbe divisions of the given table. Each of these 
divisions is the base of a solid which ia.limited at tbe sides by tbe ver- 
tical planes and at the top by the curved surface. Every such solid 
may be regarded as representing tbe corresponding tabulated value of 
tbe fnnction, and tbe sides of tbe bases are taken as onity, but the unite 
lying in tbe directions of x and y are not necessarily equal to each 
otber. If we assume a group of adjacent divisions of the table, situated 
BO as to form a rectangle whose sides, parallel to the axes of X and Y, 
consist each of m and n miits respectively, then tbe solid included be- 
tween this rectangular base, ite limiting vertical planes, and tbe carved 
sor&ce, will be represented by the integral — 

Jy'-ln Jit -in 

where x" and y* are the coordinates of the middle point of the rectan- 
gnlar base. Performing the integrations indicated, and omitting the 
accents from x' and i/, we have— 

S=mn[A+BiF+Cj/+D(j^.f-jljm*)+E{/+^i^)+Fa:y-f &c.] . . . (46) 
This solid is evidently tbe sum of the solids which belong to tbe 
several divisions of tbe assumed group, so that the formula expresses 
the sum S of the terms in any rectangular group in tbe table by means 
of the numbers m and n of terms contained in each one of the sides of 
the group lying parallel to the axes of X and Y respectively, the coordi- 
nates X and y of the middle point of the group, and the constants A, B, 
Q, &c. For any groap assumed we know tbe numerical values of S, m, 
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», X, and y, BO that every snch groap funiishes an eqaatioD of condition 
which, besides the constants A, B, G, &c, contains only nnmerical 
qnaatities. By assaming as many groups as there are constants, we 
shall always be able to find namerical values for the constants, and sub- 
stitnting them in formula (40), and making — 

m=l, n=l, 3=u 

we shall have an equation of the form — 

«=A'+B'a!+C'y+DV+E'y*+P'a;ff+&c 
which will be the equation of the graduated table, and from which that 
table can be constrncted by assigning to x and y the proper series of 
valnes differing from each other by nnity, so that they shall represent 
in succession the coordinates of the middle point of each division of 
the table. 

We can also make an approximate adjustment of a double series by 
formulae analogous to those which we have already found nnder the 
second method for adjusting an ordinary series. For example, any nine 

adjacent terms V|, Ui, uj, u^ being grouped in a rectangle with three 
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terms on each side, as in the figure, let it be required to find a fonnnla 
by which to adjust the value of the middle term u,. Let os suppose that 
the equation of the curved surface is — 

tlien F and all the succeeding constants disappear, and formula (4C) 



S=mM[A+B«+Cy+»(a!>+^m»)+E{!("+,Vt*)J • • • («) 
Now, in the rectangle aa' we have — 

S=Ui+«,+«j, m=l, n=3, aT=l, jfs=0 
so that (47) reduces to— 

«!+«»+ «i=3(A+B+||I>+fB) 
So, too, in the rectangle bb' we have — 

S=u,+«,+«„ «=1, n=3, «a.O,,- if«^ 

o 
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and (47) becomes — . 

«*+»»+ Ws=3(A+tJjD+ IE) 
Likewise the rectangle cc' gives — 

»!+«•+ w»=3(A-B+HD+|E) 
Again, for tbe rectangle ad' we have — 

S=u,+«,+U4+ti«+M,+«t, m=3, »=2, x=0, yarj 
and (47) redaces to — 

«,+«,+«,+«s+m,+«b=6{A+JC+3D+tV^) 
In like tnanner the rectangle dc" givea — 

«i+«3+«.+«^+«.+«.=6(A-JC+SD+-j?5E) 
We liave tbns obtained five equations by which to determine the five 
constants A, B, C, D, E, in terms of the tnbnlnted vnlites U], Uj, «], &c. 
ITow, in the middle one of the niue divisions we have— 

S=vt, ta=l, n=l, a:=0, y=0 

and formnia (47) becomes — 

»(i=A+-^D+^E 
Snbstitating in this the valaes of the coustaats A, D, and E, we arrive 
at the resnlt — 

M,=i[6«, + 2(M,+M.+«, + «,)-{Mi+ll3+Jt,+tt,)] . . (48) 

and this is the at^astment formula required. Its accuracy can easily be 
tested by trial with any table constmc^d from an equation of the fono — 

tt=A'+B'i+C'j(+D'«»+Ey 
the adjusts value being in this case the same as the original one. In- 
deed, we shall find that the result is exact, even when the table has been 
constructed firom a complete equation of the third degree. 

Agmn, to a4)a8t the value, of a term occupying the middle of one side 
of the assumed rectangle, as u,, for instance, we have — 

S=«„ fli=l, n=I, 2=1, y=0 
and consequently — 

«,=A+B4-i|I>+AB 
Substituting the values of A, B, D, and B, we obtain the a^ustment 
formula — 

«,=i(5«,+2(tt,+Wj+M*+«,)-(ti,+ti,+tt,+M,)] . . (49) 
In a similar way the adjusted value of a term tike U|, occupying one 
comer of the assumed rectangle, is fonnd to be — 

«i=J[5«,+2(M,+Ua+>{,+M,)-(«i-|-t(,-|-«,+a,)] . . (50) 
By one or other of the three formulas here given, the value of any term 
in an irregular table can be approximately adjusted, and , as in the case of 
an ordinary series, the weight of the term to be at^nsted may be in- 
creased or diminished at pleasure. 

''"'1 .,.,...,Cooglc 
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APPElJfDIX I. 
mPBOTED ADJUSTMENT FOBMUI.AS. 

We have seen that in (16) and simitar fonnnlas osed for making pre- 
paratory adjuBtmentsbythesecoodmettiodrthelocalweiglit of the middle 
term can be increased or dimiaished if desired, and that, when the for- 
mola includes more than five terms, the weights of other terms besides 
the middle one can also be made to vary. We have employed this pro> 
perty in assiguing to the several terms, weights increasing in arithmeti- 
cal progression, from the extreme terms to the middle one, aa in formala 
(20). But Atrther investigation has shown that this arraDgemeut of the 
weights, although it gives formulas which are very simple and easy of 
application, is not the beat one in theory. To determine what the best 
arrangement is, we most consider that when one of these formulas is ap- 
plied at any part of a series, all those terms which are not inclnded by 
the formula have the weight zero ; that as the adjustment progresses, 
when a term is first included by the formula its weight is negative, it then 
becomes positive, attains its maximum when the term occupies the mid- 
dle position, then diminishes till it becomes negative again, and finally 
resumes the weight zero when tbe term is no longer inclnded by the for- 
mula. To make this transition as unbroken and continuous as possible, 
it is evident that if we regard the weights as ordinates to a curve, the 
form of this carve should be as shown in tbe annexed figure, for a fonoola 
incladiug seven terms whose ' 
positions 1, 2, 3, . . . 7, 
are laid off eqoidistantly on 
the axis of S. The curve is 
symmetrical with respect to 
the middle ordinate or axis of g 
y, and is tangent to the axis ~ 
of X at the points and 8, 

which are the positions of the two nearest terms not included by the 
formula. Snoh a curve has foar points of inflexion, so that if it is of 
algebnuc form, it must be of a degree not lower than tbe sixth. As- 
suming, then, that the series of weights from to S iuclusive is of the 
uxth order, and that it has maxima at the points and 8, these two 
conditions will sofGceto determine the two arbitrary numbers k and f 
tn the formula— 

+ (8-i)(«,+a,)-5{tt,+«,)] 
which holds good, as has been shown, for any seven consecutive t«mis 
in a series of the third or any lower order. Since the nine weights — 
0, _5, (8-k), (13+4fc), (13+4ft+if), (13-l-4fc), (8-fc), -&, 
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are to form a series of the sixtli order, their seveuth differences will be 
zero, giving the equation — 

_6-7(8-ifc}+ 21(13 +4*) -36(13+4 it+fc'} 
+35(13+4fc)-21(8-ft)-36=0 
Also, since there ia to be a maximiim at the initial term 0, the differ- 
ences of the series of weights most satisfy the condition — 

^-|+T-^*-^=« ■ ■ (=•) 
giving the eqoation — 

1800+460(8— ft)— 472(13+4ifc)+225(134-4fc+ft')=0 
We have then two equations, &om which the numbers k and V are as- 
certained to be — 

so tbOtt the a^JDstment formnla becomes — 

«.=iT+in[23104«4+16425(w,+M,)+3060(«,+ «s)-3185(«i+tti)] . (52) 
Here the nine wei^ts — 

0, -3185, 3060, 16425, 23104, 16425, 3060, -3185, 
form a series of the sixth order, and if their snccessire orders of differ- 
ences are talten they will be found to satUfj the equation (61). The 
following formolas, comprising five, nine, and eleven terms respectively, 
possess properties similar to the above : 

M,=y^[783Ka+400{«,+Wt)-100(Ki+Ws)] 

«»=oItt[19375«,+15696(m,+m,)+T056(%+«7) 

-704(aa+tt,)-2349(«i+«9)] 

««= 3il»Aainifl [59567194206 «,+51593437700(ti,+«,) 

+31315296640(ttt+«,)+ 8277866686(Mt,+ «»} 

— 6224658460{«s+ «io) -6070435669(«i+ «„)] 

It will be more convenient in practice to have the welglits expressed by 

decimals, as follows : 

M3=.56C16ua+.28923(«,+«4)-.07231(M|+«a) . . (53) 
«i=.41476«4+.29486(«3+tts)+.05494(wj+«6)--05718(«,+M,) . . (54) 
Mi=^2966 as+.26706(«4+«e)+.12006((i3+tt7) ) 
-.0U98(M,+««}-.03997(«i+tt8) S 

i(,=.27406 «fl+.23737(tt,+ti,)+.14408(M,+«B)+.03809(«3+tt,) ) 

-.02864(«,+i(„)-.02793(tt,+«i,) y ' 

Without attempting solutions in whole nnmbers, we can proceed in a 

n,g,t,7l.dM,COOglC 
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similar way to find decimal weights for thirteen or more terms, as in 
t^e following cases: 

«,=.23466»,+.21137(tt8+«,)+.14934(«s+«,)+.07003(ii,+tt,o) ) 

+.001fl5{<i9+«„)— 03006(«,+«i,)-.01997{«,+«u)i* ' 
«a=^522ii,+.18953{«,+«9)+.U651(iia+iii<,)+-08755(iis+ttu) j 

+.02875(((,+«„)-.0l321(«,+«i>)— D2709(m+»i,4) S (68) 
-.01465(wi+«i,) ) 

In eacli of these formulas the sum of all the weights, taken for each 
term separately, is unity, as it should b& Owing to the nyectiou of 
decimals aft«r the fifth figure, this condition would not always be ex- 
actly satisfied, and conseqaently the fifth figure, as above given, has 
been made to differ in some cases from its nearest value, to the extent 
of a single unit of the fifth place. Actual trials have shown that a 
better graduation can be made by these formalas thui by any of the 
similar ones previously given, and it is possible that, in some cases, s 
table of mort^ity may be graduated sufficiently by this means alone, 
without recourse to the first or third methods of adjustment. 

1 1 will often be sufBoient for practical purposes to use (mly tJiree places 
of decimals; and in making an adjustment of a given series by any 
single formula, we can &cilitate the mnltiplicationa by preparing in 
advance a table showing the product of each of the decimal weights br 
each of the nine digits. 

There is another method, allieS to the preceding, by which the 
weights may be determined when more than five terms i^e to be iovlndpd 
in a formnla. Supposing the number of terms to be seven, we may 
assume that their seven weights, together with the two nearest zero 
weights, are ordinates to a curve of the eighth degree, since such » 
curve can be made to pass through nine given points. We have, u 
before, the condition that this cur\'e sball be tangent to the axis of X 
at the points and 8 ; and to make its continuity with the axis at those 
points as complete as possible, we may give it a contact of the second 
order, so that its first aud second differential coefficients shall both be- 
come zero at the points and 8. We have thus the two conditions — 

^■-2 + 3-4+5-6+T-8='* 
. ,.11 J, 5 J. 1374 7Jt.363J, „ 

J.- J.+ -Jg y- + -Jg^-- Jy+-g^=0 

By means of these we obtain the two numbers — 

,. 37976 ,., 135087 

*- 0517 55ir 

and the adjustment formula is found to be — 

«,=gg^[371712«4+236625(i(,+«,)+14160(ti,+«,)-32585(«,+%)) 

D„:,i.,.-iM,.C00glc I 



HBTHODS OF IMTEBPOLATION. 320 

With decimal weights it becomes — 

«4=i.45998u,+.29281(ti3+Ks)+.01752(«,+«B)-.04032(«i+u,) 

In a siinilar maDuer we might proceed to find formalas inclading more 
thaa seveoterms. Withniuetermaweshoiildassamcaciirvoof tbetenth 
'degree, with the three conditions that its first, second, and ttiird dif- 
ferential coefficients Bhoald all become zero at the positions of the two 
nearest zero weights. 

This method of determining the weights may seem to be theoretically 
better than the previous one, bnt the labor required in obtaining the 
formalas is very considerably increased, especially when nine or more 
terms are to be included by them, and the practical advantages of the 
method, if it has any, mast be small.* According to the theory of 
probability of errors, if we let t denote the probable error of eaeb single , 
term in a given series, then the probable error of a term a^josted by 
the above formula will be — 

c,=f/.45998»+2(.29281»+. 01752"+. 04032*) =.62204* 
Bat if the at^nstment were made by formula (u4), the probable error 
would be only— 

t«=t V.41476^+2(.2948tJ'+.05494>+.05718^)=.59874> 
ndiich indicates that (54) is slightly superior in the accuracy of its 
resulte. This, however, is not conclusive as regards smoothness of ad- 
justment. If we imagine two series, such that the probable error of a 
single term is smaller in the first oue than in the second, it is still pos- 
sible that the second may be the more perfectly graduated of the two, 
since its errors may follow a continuous sequence or carve, while the 
errors of the first may be arranged irregularly or fortuitously, so as to 
follow a broken line. The comparative regalarity of the graduation of 
two series obtained by using different adjustment formulas will be best 
ascertained by comparing their corresponding orders of differences. 

The fourth difference is most convenient for this purpose, and may be 
obtained directly for any five consecutive terms by means of the for- 
mula — 

J,=6 Mj-4{ii,-l-«,)-(- («,-!-«,) 

Having tbns computed all the fourth differences for each of the two 
series, ve can add them together in each case without regard to sign, 
and the series which gives the smaller sum may be regarded as the 
better graduated of the two. This becomes evident when we consider 
that a curve of the third degree, since it admits a point of inflexion, 
may be taken to represent approximately a limited portion of any 
regular curve ; and as all the formulas of the second method of adjust- 
ment give accarate results for a series of the third or any lower order, 
their use tends to bring the a^asted series intx> sach a form that any 



* SnbMqoent trials hnve shown that it has none. 



,Cooglc 



326 METHODS OF INTEEPOLATION. 

siDiill number of coDsecative terms in it will be approximately of an 
order not higher than the third. Hence, if any series, sneh as a table 
of mortality, is thus adjusted, ita fonrtb differeoces will be small, and 
positive and negative values will be equally probable. 

In the ease of formulas like (22), which hold good for a series of the 
fifth or any lower order, we may flx the local weights of the terms by 
these two conditions, that the whole series of weights, including the 
two nearest zero weights, should be of the eighth order, and that it 
should have minima at the begiuniog and end, so as to satisfy the eqn»- 
tion — 

-f+t- -t=» 

Thus we obtain the formula — 

"*=T2iirs[^968«'+3675(M3+«8)-1470(t(,+«B)+246{w,+«,)] 
which, with decimal weights, is — 
ii4=.61&22«j+.285o9(«3+«s)— .11424(M,+i(^)+.01904(Mi+w,) . . . {5d)« 

To find formulas for a^jnsting the first two and last two terms of a 
series, we may proceed as follows : Assuming that five terms, «i, mi, kj, 
II,, Kg, form a series of the second order approximately, and taking the 
equation — 

«=A+Ba;+Ca:^ 
with the origin of coordiuates at the middle term «], we have tbe five 
eqaatiouB of condition — 

tt,=A-2B+40 

«,=A-B+0 

ti]=A 

«,=A+B+0 

w,=A+2B+4C 

Oombining these by the rule of least squares, we And that the valaes 
of the three constants are — 

A=3>r[17 «3+12(«,+«0-3(tti+«,)] 
B=i^[2(ii,-«i)+ {«.-%)] 
C=-,)j[2(B.+«,)-2«,-(«,+M,)] 
and conseqaeutly we have — 

tti=A(3lMi+9M*— 3«j-5M4+3«a) ,..(60) 

i^=^(<>i(,+13«i+12«3+6«4-6«s) . . . (61) 

which cfUD be used with advantage in place of (25) and (26), if the series 

* Tbia fbrmnla may be naed when the few of a given wriea vsriet to mpidlj tlut fi*« 
eonsecatiTe tenuB canitot be regarded as furmiog a eeries of ah order not hjgber than 
"n third. 
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to be adJKSt«d i» not a very irregular ooe. We can proceed ia a simi- 
lar way to obt-ain formulas for adjusting tlie middle term in any group 
of five, serea, nine, or more terms, as follows:* 
«3=^[17 iia+12{iia+M4)-3(Mi+ii,)] 
«,=^[7 «.+6(«3+«,}+3(«,+«B}-2(Mi+tt,)] 
«i=7iT[59«a+54{w*+«»)+39{Ma+«,)+14(«,+«B)-21(«i+«,)] 
In all these cases, the weights form a series of the second order. The 
probable errors are less than those given by other similar formoJas ; for 
instance, the probable error of the adjusted value of «« is only — 



«o=^^:*+^(6*+3=+2'}=.57735r 



But it has been found on trial that, as regards smoothness of adjust- 
ment, these formulas are decidedly inferior to (53)^ (54), &c., or even to 
(17), (19), &c. This is owing to the great want of continuity between 
the weights of the formula and tie zero weights. If we apply Cauchy's 
method to the same series of terms as above, we get — 

«*=3V[ll(«3+«.+ %) +4(«»+ %) -3(«i+ »,)] 

tt,=^[fi(«,+ W.+Us+M«+M,)-{«i+Ms+«,+«8)] 

«s=jfl[41(«3+«i+ +«8)-14(tti+w,+«»+«ii)] 

All these, except the second, are special cases under our formula (13). 
The first one is tie same as (14). 

ADDinoHAL FORMULAS UNDER THE FIRST METHOD. 

The simplest case of all has been omitted ; it is that in which the 
graduated series ia of the first order, bo that the expression for the snm. 
of any n terms in a group is — 

S=»(A+Bir) 

Assuming any two groups composed of fli and r^ terms respectively, 
with the origin of codrdinates midway between the middle points of the 
groups, and denoting by a the distance from the origin to either of ttiese 
points, we have for the values of the constants — 



B: 



2a\ii» UiJ) 



■ In like muuier, it can be shoim that formnlM (48), (49), and (60) an in aoMKt 
■DM witli the principle of lea«t aqaaNB. 
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If tlie asaamed groups are conaecative and contain % terms eacb, the 
Constanta will be — 

(63) 
B=^(S.-8,) ) 

Tbis properly commeticcs uot only tlie seriea of formalaa (A), (B), (G), 

&c., bat also the seriea (40), (41), (42), &c. 
Agaio, wheD fortnola (12) is extended so as to incltide nine conatants, 

it beeomea — 

S=»[A+ AC «'+AE u'+rirG »'+uHrtI «"+(B+ JD n'+ ^F »' \ 

+AH»<)»+(C+JE«'+ftGn'+,VI«V+(D+8P"'(,.„ 
+ Ann;)i' + (E + JG«'+}I«')«'+(F + }H»'Ji'( 
+(G+}I«V+Hi'+I«"J ) 

If we aasume nioe conaecntive groapa, containing fh terma eadi, the 

Talnes of the constJiuts are fonnd to be— 

■^= 10321920«i l"""'" S.+1268«4(8,+8,)+ia26(S,+S,) 
-800218(a,+8e)-17000(S,+S,)] 

-3229(3,-8,)) 
C=j53jij|j^,(1912(164(8,+S,)+44480(S,+S,)-3260110a, 
-323260(8,+S,)-322e(8,+S>)] 

-1406(8,-8,)) 



-616(S,+8,)) 



°=i725)F,'I'°-l^'+^>+'''(^+^'-™*-*"'(^+^) 
-7(8,+8,)) 

°=l(JMJ5;"["<^-^''+(^'-*''-"<^-^''-''(*-^'l 

-8(8,+S.)J „„,,,,G00glc 



(0) 
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This fonoDla may be used advantageously in oonfitrncting a gradanted 
rate of mortality similar to series (A) in Table IL The simplest mode of 
procedoie will be to obtain the equation of the graduated series of the 
£orm — 

u=A'+B'x+C'a^+ +l'xf 

and to compote by logarithms first the valnes of B'x for all the ages, 
then the values of C'^e* in like manner, and so on, and finally to take the 
aggregate of the values at each age. The accnracy of the work will Iw 
tested by the condition that the sums of the terms in the correepondiag 
groups in the graduated series most be severally equal to thme in the 
given one. It shonld be also mentioned that, to insure accuracy, the 
mnltiplicatioas within the brackets in formula (G), such, for instance, as 
that of Ss by its coefficient 11702131, &c., ought to be performed arith- 
metically and not by logarithms. 

mTEBPOLATION BY UEAHS OF AH EZPOHSNTIAX PCNOtlON. 

VThen values in arithmetical progression are aeaigned to ir in the ex> 
pooeutM equation — 

ff=6iS"+or'+da-+&c. 

the resulting values of y will be terms in a recnrriog series, whose order 
is denoted by the number of constants j9, )-, 3, &c The above fonnola 
has sometimes been used for the porpose of ordinary interpolation, and 
represents a curve which, under certain conditions, can be made to pass 
through any nnmber of given points whose ordinates yt, yi, y^, &c, are 
equidistant. The whole number of constants b, c, d, fi, r, ^, &c., included 
by the formula, must be equal to the nnmber of points given. If this 
is an odd nnmber, we must write — 

y=«+6(f+oj'+d3'+ &e. 
For the most general method of determining the values of the constants 
in any given case, see articles by Prony, in Vols. I and II of the Journal 
Se P£cole Polytecknigue. We may here remark that if there are not 
more than five constants, their values can easily be obtained in the ordi- 
nary way, first eliminating a, b, and e from the equations of condition, 
ttien finding the valnes of j9 and y, and afterward finding those of a, b, 
and«. 
Now let us write the general equation onder the form — 

y=A+(Blog'^)^-|-{01og'r)r'+(Dlog'«)a--f-&c. . . (65) 
where log' denotes the Xaperian logarithm. Integrating y ^ between 
titeUmitsar— ^nandx-|-|n, weget — 

S=An-f B(jSt»-,9-*»)j9«+0{r*»-r-*")»*+D(a*«-a-t»)*'+ &c. (66) 

which is identical in form with the expression fory, so far as the abscissa 
,0 is concerned. Oonseqnently, if we assume a series of groups conttun- 
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ing'iii terms eacfa, and equidistant, so that A may denote the constant 
interval between their middle points, and if we put A'=A»], and — 

B'=B(|8l«i— /?-*%), C'=C(r*^— r-*^), D'=D(Wi— 3-t"i), &C. 
and place the origin of coordinates at the middle of the left-hand group, 
then the sums of the terms in the several groups will be — 

Sc= A'+ B'+ C+ D'+ &c 
81= A'+B'(9»+Cy +D'#+ && 
S,= A'+B'j!»»+C'r"+D'3"+ &C. 
S,=A'+B'j9»+C'r«+I>'a»+&c. 

an4in an; given case, assuming as many ^vups as there are constants 
to be determined, we can find the values of the constants from these 
equations of condition, just as in ordinary interpolation (ix)m ordinates. 
In accordance with the general method referred to, we proceed as fol- 
lows : If the number of constants is an even one, for instance, six, the 
groups forming a recnrring series of the third order, whose scale of rela- 
tion is — A«, — A|, — Ai, we shall have the three equations — 

AA+A,S,+AA+S,=0 

A(3,+ A1S1+ Ai33+ 84=0 

AA+A,83+AA+S»=0 
These enable ns to find the nnmerical values of Ao, Ai, A,, and we snbeti- 
tntethem in the equation of relation — 

«»+A,^+A,«+A,=0 
This nnmerical equation of the third degree being solved, its three rooto 
will be the values of the three constants ^, f*, i*. Substituting them 
in the three equations of condition — 

So^B'+O'+iy 

Si=B'^+Cy+D'a* 

8,=B'iS»»+0'^+D'fl» 

we eaa find the values of B', C, and D', and consequently those of B, C, 
and D. Having thus determined all the constants in the equation— 

8=B(j9*"— /s-*»)^+C(r»"— r-*")r'+l>{*'-*-*")'" 
we are enabled to interpolate the sum 8 of any n terms taken in a group, 
or any single term, and to form a recurring series of the third order, 
such that the arithmetical means of the terms in the six assumed groups 
will be the same in it as in the given series. The equation of the grad- 
nated series will be of the form — 

»i=B"^+CV+I>"*" 
When the assumed groups are consecntive, we shall. have isen,, l%e 
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tbree roots of the eqaation of relation must in »1I cases be positive ; if 
any of tbem are negative, the inference will be tliat the given series 
cannot, for pnrposes of interpolation^ be represented by an equation of 
the proposed form. 

If the number of constants is odd. for instance, seven, we shall find the 
scale of relation frooi the four equations — 

A«(ao-A')+A,(S,-A')+A,{S,-A')+(93-A')=0 

A«(8,-A')+A,(S,-A')+AKS3-A')+(84-A')=0 

A,(S,-A')+Ai(8,-A')+A,{S4-A')+(S8-A')=0 

A,(Si-A')+A,(S4-A')+A,{S,-A')+(8,-A')=0 

first eliminatiDg A' by subtracting each equation from the succeeding 

one. The equation of relation will be of the ssvme degree as in the pra- 

vioua case, and the values of A', B', C, and D' will be found from the 

four equations of condition — , 

So=A'+B'+C'+D' 

Si = A'+ B' jS'+C V+ D' a» 

8,=A'+B',S»+C'^+D'«» 

8a=A'+B',P*+C'r"+D'ff» 

If the number of constants and of groups assumed were eight or nine, 
the mode of procedure would be precisely similar to the above. The 
scale of relation would contain four terms, and the four roots of the 
equation of relation — 

«*+Aj*'+A»2»+Ai«+A,=0 
would be the values of the four constants ^S*, /*, 3*, «*. 
In the simplest case of all, we have the curve^ 

whose equidistant ordinates are in geometrical progression. If we 



y=A+{Blog'0))3- 
it is easy to obtain the following: 






I' — ''" -'■ ' '' )(67) 

A=^.[«.-(^)] 

Thi^ can often be used with advantage in plaee of (3) or any siiDilu 
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fonnola, in making a distribntion of popnlation or deaths at the earliest 
and latest ages of life, where the valaes vary so rapidly as to give the 
eeries an espoDeotiat rather than a parabolic tonn. 

Bat when oar object is merely to gradaate an irregular series whoaa 
terms are all separately given, the easiest way to pat it la aD exponea- 
tisl form wUl be to take the common logarithms of all the terms, as has 
been already saggested, and adjust them by the second and first 
methods, and then take the numbers corresponding to the graduated 
logwithms. The equation of the final series will be of the form 

the simplest case of which — 

«=10<''+»*) 
represents a geometrical progression. 



APPENDIX n. 

Among the varions methods which can be nsed for fixing the valnes 
of the local weights in adjustment formalas, the following one is perhaps 
deserving of especial notice : 

Assuming that the true law of a given series of unmbers may be 
regarded as algebraic and of an order not higher than the third, and 
that the irregalarities in the series are of the nature of accidental errors 
or deviations from this true law, and that deviations of a given amount 
are as likely to occur in one term as in another, let it be required to 
find that system of weights which will render the probable value of the 
fourth differences of the adjosted series, taken without regard to sign, a 
minimum. 

Considering, in the first place, the moat general form of an a^justmeat 
formula comprising only five terms, which may be written — 

we have for the valnes of five consecutive terms in the adjosted series — 



«',=j~[t«3+4{«,+ ll*)-(«l+tt.)] 

tt'»=jxy[i Ms+4(«4+««)-(«3+«t)] 

;, Google 
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^e fonrtb dilference of these terms is — 

J4=6«'8-4«+«',)+(«',+«',) 
and conseqneiitly — 

+8(tt,+tt,)-(u,+«.)J 
If we sappose that the series ui, «*, u^, &&, is of an order not higher thui 
the third, the at^osted series u'3, »'„ w'j, &c., will be of the same order, 
BO that its foarth differences will be zero, and both members of the above 
eqnatioD will be equal to zero. Bat if each of the terms Ui, tit, Ac, is 
liable to an accidental deviation or error, whose probable amount is 
denoted by «, then the probable value of J„ taken without regard to 
sign, will be— 

which reduces to — 

{^0=5^^70 IP-1008fc+4303 
Regarding (J^) as a ftinction of the variable jfc, we have the equation — 

firom which to find that valae of t which makeq (J4) amiuimnm. This 
is ib=^|i^ ; and sobstitating it in (63), we obtain — 

«b=rlT[lll«3+56(t<,+«i}-14(«i+«.)] . . (69) 
which is the a^natment formula sought. 

To find a similar one inclnding seven terms, we may take the most 
general form as nsed in obtaining (52), or, what amounte to the same 
thing, by proceeding as in the demonstration of formula (20), we can get — 

**= y+lik-35 ^ (*'+* *-15)«4+ (4 ft-15)(«,+ii.) 

+ (fi-fc)(M,+«.)-(«.+«T)l 

Since V affects only the weight of the middle term, we may, for the sake 
of brevity, denote that weight by ft' alone, and so write — 

The expression for the foarth difference of the adjusted series then is — 

'**==)P+^E=a)[(^*'-^*+^2)««-t4fc'-32fc+130)(ti,+»,) 

+ (fc'-22)l;+100)(«,+ii8)-(4e-8iS:)(tt,+i(,) 
+(10-ft)(«,+tt„)-(i.,+tt„)J 
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and when each t«nn is supposed to be affected by a probable error or 
deviatioD t, the probable v^ue of J4 becomea — 

+(fc'-22it+100}'+(i5-8)l:)*+(10— fc)*+i] 
which reduces to — 

( J4) = p - Vgfc_9(n /T0t"+430Jfc^— 1008U-^+4(>ti4fc'-35896fc+75A76 

BegardlDg ( J4) as a ftinction of the two independent variables Jc and t, 
we have the two equations— 






giving the values i=iH ^"'^ ^=^, which render (J^) a miDimnm. 
Substitnting these iu (70), we get the adjustment formula sought— 

«* = Tl'oT[*69«,+324(«,+tts)+54(«»+««)-60{«,+tt,)] . . (71) 
It is found that in each of the formulas (69) and (71), the whole series 
of weights, taken together with the eight nearest zero weights, consti- 
tutes a series of the tenth order. By means of this property, we csd 
construct with greater facility the following similar formulas: 
««»fAT[2S84 tts+2268(«,+«,)+018(t(,+w,)-132(«,+«,) ) 
-297(«,+t<,)] S 

««=7Tt^['3<««o+««»(«s+«')+3410(«*+«.)+660(«i+«,)) 
-715{«,+«„)-572(«,+«.,)] S 

»»=TirATiI*8636«,+42768(«,+w.)+27918(K,+u,)+108C8(w,+tt„)) 

-1287(w,+«„)-5148(«,+Mu)-2860(«,+t(„)] ^ ' 

«|>=TTT^[82704 ti.+74844(M-+Us)+54054(%+M,o)+28028(«,+ii„) ) 
+5733(w,+«u)-6552(«i+«i,)-8092(w,+UM)-3672(«i+«ij)] i 
If the smallness of the fourth differences of the adjusted series is to \x 
taken as the ultimate and only test of its regularity of curvature, it will 
follow that these formulas ought to be used in preference to (53), (U), 
(55), &c, from which, indeed, they do not differ greatly, as cau be aeeu 
on comparing their decimal weights. The prolKible errors of the ad 
iusted terms, however, are increased a little, and the weights foUoir a 
curve which is not precisely tangent to the tine of the zero weights. 

At alt events, the same principles can be nsefully employed in filing 
the weight of the middle term in formula (48), so as to give greater r^- 
ularity to the adjustment of a double series. By a process precisely 
analogous to that by which (C5) ^aa obtained, it cau be proved that in 
order to render the probable value of the completjC second difEerence 



I 
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Jitt of tbe adjusted double eeries a iiiiiiimam, the weight of tfae middle 
term must be increased from 6 to 8}, 80 that — 

tis=-.y33«i+8{w,+w,+t(B+Wj)-4(tt,+«3+»T+M»)] . . (76) 
will be the formula required. 



APPENDIX III. 

SiBce the present memoir was written, the author has met with a 
small work by Schiaparelli, designed with especial reference .to the 
reduction of meteorological observations, and entitled Sul modo di riea- 
vare la vera eapresgume delle Uggi deUa natura dalle eurte empiricke; Mi- 
lan, 1867. That work, it is proper to acknowledge, anticipates to a 
certain extent the second method of adjustment here given. It con- 
tains, in section 45, a development of the general relation, or system of 
conditions, which exists between the numerical coefficients or weights, 
in formulas for adjusting the middle one of any group of an odd num- 
ber of terms in a series. The modo of demonstration is quite difTerent 
from the one here followed, and its author does not obtain any of the 
special adjustment formulas which have here been constructed and re- 
commended, such as (17), (19), &c., (53), (64), &c., or (69), (71), &c. He 
gives instead, on page 17, that special case under our formula (13) which 
arises when we take — 

%=«,, fl,=J(ni.-l) 

and also gives, on page 47, the formulas which render the probable error 
of the adjusted term a minimum. We have seen that these last can be 
derived firom equations of condition by the method of least squares ; that 
their weights form series of tbe second order; and that the adjustments 
which they make are not nearly so smooth and regular as those made by 
formulas whose weights follow a curve which ia continuous with the 
line of tbe zero weights. The method of least squares presupposes that 
the assumed algebraic equation, of a degree not higher than the third, 
can accuraUrly represent the true law of the natural phenomenon 
throughout the whole group of terms included by the formula; and, more- 
over, to give full scope to the method, the unmber of terms included 
ought to be large. These conditions will be but imperfectly Ailfilled in 
practice, and since the true law of the natural series is supposed to be 
continuous and not irregnlar or broken, it appears probable, or at least 
gnite possible, that the system of weights which makes the smoothest 
atyostment will also make the most accurate one. 

The method which Schiaparelli gives on pages 23 to 30 of his work, 
for obtaining the values of the constants in empirical equations of alge- 
braic or circular form when the arithmetical means of the terms in cer- 
tain grout>s are taken as data, is not equivalent to the first method here 
proposed. It requires for completeness two sets of formulas, ^^^.to be 
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ased when the namber of terms gronped together is odd, and the oOier 
when it is even ; it regards the terma as being geometricdly repreeeoted 
by ordiDates, instead of areas, and does not i>ermit the ase of gronps 
composed of a firactional namber of terms, a^id it is not genendly i^pU- 
csble to fnuctiona of other forms than those specified. 
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ASDinONAl FORMULAS FOB IltTEBFOLATION WITH 1. dlBOUI.AB 

FUNCTIOlf. 

Denoting by N the whole namber of terms in the circidar period, let 
ti8 write -^=0; then assuming the carve — 

3f=A+KBi sin (ic*)+C,oo8 (a;ff)]+^e[Bjsin2(irfl)+C,C08 2{artf)] > 

+p[B3 anS{x e)+C3 COB 3{x «)]+Scc. y ' 

we shall have for the snm of the terms In any group — 

S= An + sin ^(nf)[Bi sin (xt))+Ci cos (xO)] "i 

+ sin J (n0)[Bt sin 2 (x<')+Ct cos 2 {xO)] V (78) 

+ sin f (» 0)[Bj sin 3 (a7 0)+C3 cos 3 {xO^+Slc. ) 

From this we can derive formalas for compating the values of the con- 
staMts A, Bi, Ci, Bi, Cj, &c, just as formalas (A), (B), (C), &c, were 
derived fhim the algebraic formula (II) ; or, otherwise, we can dotennine 
the constants by treating the equations of condition in the manDcr 
peculiar to the method of least sqaares. The results are the same in 
either case. When the N terms are divided into three conaecative 
groups of eqaal extent, we shall have — 

A=^(8i+S.+8a) ^ 

Bi=|(S,-8,) ^('*) 

C,=J sin 60o[2S,-(8i+S3)] ) 

With foor groups, we get— 

A=^(S,+8,+8,+S,) \ 

B,=l[(8,-8,)+(S.-Si)]!w 

C,=i[{9,+S,)-(S,+8,)]\ 

B,=l[(S»-S»)-(S.-Si)]/ 

We omit the formulas for five, seven, nine, &c., gronps, which are not 
required in practice, the common nse of monthly or, hoor^, data is 
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m«teoroIofTy making it coDveoient to bare the DQmber of groups a 
divisor of 24. Witli six groups, the constants are — 

A=5(Si+S.+S,+S.+ S,+S,) 

B,=H2(S,-s,)+(S.-s,)+(a.-s,)] 

0,=} sin 60O((S,+S.)-(S,+S,)] 

B.=J[(S.-8.)-(S,-S,)l 

C,=i siQ 600[(S,+S.)+(8,+S,)-2(S,+S,)|) 

B.=«B,-(S,-S,)] 

With eight groaps — 

A = i{S,+S,+ +S,) 

B,=}(2 sin 450+l)[(S.-S.)+(S,-S,)]+}[(8,-S.)+(S,-S,)j/ 

C,=l(2 sin 450+l)[(S.+ S.)-(8,+S,)J+ll(S.+ 8.)-{S,+S,)] 

B,=}|(S.-S,)+{S,-S,)-(I3,-S,)-(S,-S,)1 ) (d) 

C.=J((8.+SJ+(8,+S.)-(S.+S.)_(S,+S,)J 

B.=.B,_sin 45<>[(S.-S.H-(S,-8,)] 

C,=C,+i[(S,+S,)+(3,+S,)-(S,+S.)-(S.+S,)] 

B.=Jf(3.-S.)+{8,-S,)-(S.-S.)-(8,-3,)] 

And witli twelve groaps — 

A=S(S,+S.+ +S„) 

B,=J(sin 60o+l)|(S,-S.)+(S„-S.)]+}(8in 60<=+})l(S.-SJ 

+(8.,-S,)l+i[(S,-S,)+(a„-3,)l 
C,=J(sin 6(l=+l)[(S.+ S,)-(S,+3„)]+l(sin (iO°+J)[(3.+S,) J 

-(3,+ 3„)]+{.[(3.+ 3,)-(S.+ 3,.)J 
B.=i[2(3.-SJ+(3,-3.)+(S,-3.)-2(3„-S,)_(3,._S.) 

-(S„-3,)J 
O,-} sin 6Uo({S.+ 3,)+(S,+8„)-(S.+S,)-(3.+3,.)] 
B,=i[(S>-S.)+(8.-S.)+(3„-S,)+(S„-3,)-(S,^.) ^ _ 

-(S,.-S,)] /(«) 

C.=J[(S.+S,)+(S.+S,.)+(3,+S„)-{3.+8,)-(S,+ 3,) 

-(3,+S,,)] 
B.=K(3,-S.)+(3,.-3,)-(S,-S,)-(S„-3,)] 
C.'=i sin liOO[(S,+S,)+(3.+S,)+(a.+a„)+(S,+3„) 

-2(S,+S,)-2(S,+ 3„)) 
B.=(S,-S.)+(S.-3J+(3„-S,)+(S„-S,)-B,-4B. 
C,=(3,+ 3,)-(3,+S„)-C,-2C, 

B.=Al(S,-3.)+(3,-3.)+(3„-3,)-(3,-3,)-(S,.-S,) 
-(S„-S,)J 

To illastrate the ase of these formulas by an ezampleL, let as take the 
Beriea em|>loyed ia illiistratiDg Gaachy's method of interpolation, i^ Uie 
23S71 '■ <.■' 
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United Btatea Coast Snrrey Beport for 1860, page 392. Oolamo (1) of 
tbe I'olIowiDg table sbow8 Uie t^rms of tbe given aeries correspondnig 
to eacb bour of tbe day : 
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stants. We will not make any preliminary adjustment by tbe second 
nietbod, as tliat is not indispensable to our system of inten>o1atiou by 
groups, altboDgh it is generally desirable, as, indeed, it vonld be in a 
less degree with Cauchy'a metbod, which also depends on the summa- 
tion of irregular series of quantities within certain intervals. Dividmg 
our 24 given terms into six groups of equal extent, we get — 
S,= .45 8,=.15* a»=-.73 

S,= -.57 S,=.C7 8,= .05 

Computing by formula (c) the values of the first five constants, and 
substituting them in (78), we have — 

S=.0008+ ein ^inO)[- .06C7 sin (j;0)-f.l848 cos (xfl)] 
+ sin (»tf)1.3067 sin 2[x0)+.7liii cos 2(x0)] 
which we transform into — 

8=.0008+.19C5 sin \{n0)Bm(x0+W9O5V) 
+.8144 sin {nff) sin {ixe+G7°5S') 
This expresses the sum S of any group of n terms in tbe graduated 
oeries, the abscissa of the middle i>oint of the group being x, and each 
term being supposed to occupy, on the axis of X, a spacis equal to 
unity. Tbe angle 18-^=15°. If we further take n=l and S=t(, we 
obtain the equation of the graduated series — 

a=.001+.026 sin (a;0+109O51')+.2ll sin (2a;fl+67053') 
Fr«m this the values in column (2) are computed. The sums of tbe 
t«rms in its six groups are, of course, not precisely equal to those iu 
column (1). To make them so, it would be necessary to add to the 
equation tbe term containing tbe sixth constant Bj. This term is — 

+.018 sin 3{xe) 
Tbe origin of co-ordinates is at the middle of tbe series. If jwe wish to 
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transfer it to the first term, we put a;— 11} in the place of «, and thus 
get— 

«= .001+ .026 sin (a; fl+207O21'}+ .211 sin (2 x 0+82O53'} 
which does not differ greatly £n>m the equations obtained by Canchy's 
method and the method of least squares, as given in the Coast Survey 
Beport. 

Similar results wonld be obtained by dividing the given series into 
eight or twelve groups, and computing the values of the first five con- 
stants from formulas (^) or (e). These results wonld probably be a little 
more accurate than the preceding, being in accordance with the prin- 
ciple of least squares, as already stated. 

In cases where the data for interpolation are the mean values M„ M„ 
Mg, &c.,of the ordinate, taken within intervals formed by equal divisions 
of the circular period N, our formulas (a), (fe), (c), &c., will still be ap- 
plicable. For instance, with three intervals, we shall have — 
S,=}M,N, S,=}M,N, S,=iM^ 

Formnla (a) then gives the valnes of the three constants, and since 
S=Mn, formula (78) becomes — 

M=A+- sin i(«C)[B, sin (a;ff)+C, cos {xff)\ 

which expresses the mean valnelVI of the ordinate within auy interval n. 
To lUnstrate this, let us take.tfae corrected mean temperatures at New 
Haven (Transactions of the Connecticut Academy, Vol I, p. 233) for 
intervals of foar months: 

January to April M,=34o.35 Fahr. 

May to Angust M,=66o. 84 

September to December M,=-1C°. 15 

To obtain from these an equation for the series of daily means, we have 
N =365J, and consequently — 

S,=4182, B,=8138, S,=5619 

Formula (a) then gives — 

A==49.11, B,=058, C,=2492 

and (78) gives — 

M= 49.11+ 2070('^") sin \{nff\ sin (a;<?+68o5S') 

This equation expresses the mean temperature of any interval of n 
days. The angle is — 

tf=,,^J?^=0O59'.138 
3o5J 

If we also take »=1, the equation of daily means is found to be — 

M=49.11+22.91 sin (a:0+68o58') 

The origin of co-ordinates is at the middle of the year. 
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SEPOBT ON THR TRA<(8iCTIOK8 OF THE 80CIETT OF PHTSICS AVO VlTVBAl 
HISTOBI.OF (lENEVA, FBOH JUKE, 1810, TO JV\E, 1911. 



Bv M. Henri de Salisscre, Presidekt. 



[TraDslabed for tlie SmithBooiBD InstitDtioii.] 

, The year which has just passed has been marked by events which 
have left but little time for the peaceful occupations of science. Tbe 
war burst upon us almost at the moment that our scientific year com- 
menced, and we can hardly yet say that it has terminated. If Switzer- 
laad has not been oppressed by belligerent armies, she has, neverthe- 
less, been obliged to play an active part in the duties which her 
neutrality imposes npou her, and there are few present who during 
this sad period have not been in one way or another diverted from their 
regular occupations. Several members of the society have not hesitated 
to make the sacrifice of their precious time to works of charity which 
the evils of war have rendered every day more indispensable ; in fa«6 
no one has been able to escape the preoccupations occasioned by tbe 
important events which have transpired in a neighboring theater of our 
frontier. 

On this account tbe convocation of the scientific congress, announced 
for the second half of the year 1870, has been countermanded. The 
Helvetic Society of Natural Sciences, convoked at Prauenfeld for the 
moutb of August, has not beea able to assemble, and a geological con- 
gress, organized at Geneva under the superintendence of MM. Favre, 
father and son, and of M. F. J. Pictet de la Kive, has been obliged to 
be postponed to some other time. We can therefore scarcely be sur- 
prised that our society should itself be somewhat affected by the exte- 
rior agitations, and that the meetings should have been less frequented 
than in ordinary times. 

If, however, the catastrophes to which I have alluded, have some- 
what, diminished the activity of our members, they have procured us, 
byakindof compensation, the inappreciable advautageof havingseated 
among us a number of foreign savants, who, exiled from their homes 
through the vicissitudes of war, have foand in the sbelter of our neu- 
trality a refuge both peaceful and hospitable. In attending our meet- 
ings, and in favoring us with their communications, tbey have cast upon 
our reunions a luster of which our records will preserve tbe remembrance. 
These savants were M. M. Begnault, of the Institute, and M. P. Gap, of 
the Academy of Medicine at Paris j M. le Professor F^e, of Strasbtirg j 
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antl Af . Ga^n^, of Gbateaadan. The assiduity with which these geaiin- 
mea have associated themselres with us iii our labors, the desire which 
they have manifested to continue with us in relations inwhiehtheiDterest 
of the society hasbeensolargelyiucreased, has induced as to confer upon 
tbem the title of honorary members ; and your president before resign- 
ing bis place to his successor had the pleasure of expreBsing to them 
the faithful interpretatioa of our sentiments. 

To the names of the savants whom I have just mentioned, I must add 
those of several gentlemen who have sojoum,ed with us only a short 
time, particularly M. Bigot and M. Duperrey, who have only appeared 
at our meetings at brief intervals. Laatly, we have welcomed in our 
city oar emeritus member, M. Dumas, perpetual secretary of the Acad- 
emy of Sciences, whom we delight to claim as one of ourselves ; for 
none of you can forget that it was at Geneva that M. Dumas published 
bis first works, and that he stands to-day among the elders of our soci- 
ety of physics. 

It is very seldom, gentlemen, that a year passes without our beiof 
called upon to mourn the departure of one of our colleagues. To-day 
we have to lament the death of a highly esteemed sarant, who was 
admitted into our ranks only a few short months ago. Dr. Angustus 
Waller was bom, in 1SL6, at Elverton, near Ferosham, in the county of 
Kent, England. He pursued the study of medicine in France, and 
received in 1840 a diploma of doctor of medicine from the faculty of 
Paris. He then returned to England and established himself at Ken- 
sington, where he practiced medicine for several years. But the ordi- 
nary occupation of the physician was not sufficient to satisfy his inves- 
tigating spirit, and be always found time to devote himself to scientific 
researches in the domain of anatomy and physiology. His priocipid 
investigations were directed to the nengoua system, which did not foil 
to lead to important discoveries, and some well-known exiierimeuts 
which he made in Loudon upon the degeneracy which the nerves and 
the nervous center undergo, obtained for him the title of member of 
the Boyal Society, and the grand prize of physiology from the Academy 
of Sciences at Paris. S'ot finding in London all the facilities necessary 
to bis researches, be resolved to change his residence, and did not hesi- 
tate to sacrifice to his studies a practice which bad become exteoeive. 
He removed with bis family to Bonn, where he bad full leisure to cod- 
tinue his physiological and microscopical investigations apon the oer- 
Toos system. 

The researches which he made in physiology, either alone or in ool- | 
laboration with Professor Budge, entitled him to more honorable dis- ! 
tinction on the part of the Academy of Sciences at Paris. He obtained j 
for the second time the great prize of physiology on account of bis dis- 
coveries relative to the fbnctions of the great sympathetic nerve, and to 
the influence of the spinal marrow npon the pupil. From Bonn, Waller 
repaired to Paris, and after having labort^ tor several years in the 
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latwratory of Flonrena, he was called to Birmingham to occapy a cbair 
of physiology and a positioa as physician to the hospital of that city. 
He even then felt the first symptoms of the diseases which sobaeqnently 
carried him off, and was obliged to give upsomeof hislaboraonacconDt 
of hia failing health. He next removed to Switzerland, and after having 
lived in the Canton Yaud for several years, he came in 1868 to reside in 
Geneva, 

AlthoQgh Waller had been obliged to abandon his regnlar labors, his 
mind, nnnsnally active and ingenious, could not remain idle, and be 
never entirely ceased to occupy himself with interesting qaestious in 
physiology and medicine. At Geneva, hia health having improved, he 
devoted himself anew to medical practice, to which be was alwajfs much 
attached, and bis large experience in that line rendered him especially 
eminent. In 1869 he was received as a member of our society. The 
same year he had the honor of being invited to deliver the Croonian 
lecture to the Eoyal Society of Jjoudon, and for that porpose repaired 
to England. His health, which appeared to be confirmed, was not 
established. He had suffeml several severe attacks of qninsy, a malady 
which suddenly terminated his existence on the 18th of September, 1870, 
at the age of fifty-five years. 

It would take too much time to analyze all the labors of our lamented 
associate; we shall limit ourselves to a short summary of thoise which 
have excited the moat interest in the scientific world, particularly his 
work upon the degeneracy of the nerves. The nerves which are 
distributed through different parts of the body are, we know, composed 
of different fibers, intermixed with each other — those which call into 
action motive-power, and those which convey impressions of aeuaibility. 
At their origin, that ia to aay at their point of emergence, ftom the 
Bpinal marrow, the motor nervous fibers are separated from the sensitive 
nervous fibers ; the former couatituting the anterior roots and the latter 
the posterior. After having demonstrated by experiment that when a 
fwmplex nerve is cut, the outer segment, suddenly atrested, withers and 
degenerates, while the central segment, remaining in communication 
with the nervous center, continues unchanged. Waller studied the 
degeneration of the nerves taken at their origin. Beginning at the 
nervous roots, he proved that the nervona center, which maintains 
intact the nervous fibers of the anterior roots, is seated in the apinal 
marrow itself, while the nervona center, which continues intact the 
nervosa fibers of the posterior roots, ia aituated in the intervertebral 
ganglion, united to their posterior roots. It was by meana of sec- 
tions of these roots taken at different distances, that Waller made 
these important discoveries, the application of which immediately 
occurred to him. The changes which take place in the structure of a 
uerve after the cutting are so evident that the experimenter can avail 
bimself of it as a means of tracing thfe distribution of their fibers in the 
different tissues. It is in this way that he succeeded in percetvins [l^e 
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termiDations or ends of the nerveB in tlie tongue, a study which he made 
for the most part upon the tongae of a Uving frog. Tbis uew methed 
of iuvestigatiou in regard to the nervous system, which obtained for 
Waller the prize of physiology from the Academy of Sciences at Paris, 
has been of great service. In order to give ajast idea of its merits we 
shall quote the words of Professor Vulpian, who in bis Course of 
Physiology of the Nervous System, describes with care this method, to 
which he proposes to give the name of the Wallerian method. After hav- 
ing given DumerouB examples from the experiments we have alrewly 
cited, M. Vulpian adds: "To this day we have not deduced from this 
method all the results which it is able to furnish ; but sooner or later 
we will institute some special researches, taking it as our point of de- 
parture, and without doubt we shall discover important and valuable 
truths in regard to anatomical physiology," An important discovery of 
Waller is that of the exudation of the white globules of the blood 
from their vessels. The memoir whicli he published upon this sub- 
ject in 1846 had been forgotten, when Cohnheim and other microsco- 
pists rediscovered the facts in 1SC7, and from them deduced a new 
theory in regard to indammation. M. Strieker, of Vienna, in an iutw- 
esting article which appeared in 1869, awarded to Waller all the bonw 
of the priority of this discovery. We have confined ourselves 
to the analysis of the works of Waller, and for more ample in- 
formation we refer the reader to the list of his publications, it will 
suffice to give at least an approximation of the extent of the 
researches of this eminent man's investigations, all of which bear the 
stamp of true originality. 

Waller had, indeed, a mind essentially ingenious. The experiments 
which he devised, the subseignent operations he empluytid, the new 
methods he put in practice, all. to the minutest details, exhibit the char 
acteristics of an eminently inveutive genius. He also possessed the vt»y 
valuable trait of never allowing himself to be carried away by hypotheses. 
Whatever opinions he advanced, he desired to prove mathematically. 
As long as there remained any doubt on bis mind, he would have recourse 
to new experiments and imagine new methods by which it might be 
removed. Uis talent for exposition was remarkable, as we alt know by 
experience in listening to the communications he made to our society. 
In him science has lost a man of rare merit, while Geneva was only too 
happy to include him among her residents. 

Having rendered alt due respect to the memory of onr lamented col- 
league, I will give u rapid sketoh of the labors of the society, in accord- 
ance with the plan adopted for the report of each year. 

POTSICAL SCIENCES. 

It is principally in this domain of science that we have listened 
to the most numerous lectures; partly because the stranger savants who 
have visited us were principally physicists, partly becaose of the 
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amdiotal absence of our exoelknt colleague, M. E. Glaparede, always 
rich in communications on otber subjects of a character to interest th« 
society. Unfortunately the coudition of iiis health this winter causee 
ns the greatest ansiety. 

General Dufonr hiis given a sammary of the results of the exper- 
imeuts upon which he has been engaged for some time in regard to tbo 
relative movement of material points, a question which is of interest to 
general astronomy. 1. In studying the movement of two stars around 
a supposed fixed point, it is demonstrated by observation that this point 
must be in motion. 2. The curve being plane, and the stars remain- 
ing in the same plane during their translation, it may therefore be con- 
cluded that the stars have all received an impulse resulting in a parallel 
movement 3. The movement of the aphides proves that the center of 
gravity of the system is displaced, not following a straight line, but de- 
scribing a carved one. 

Professor Emile Flantamoor has made this year, as formerly, a 
sojouro among the mountains, in order to determine the astronomical 
coordinates of the different stations of Switzerland. The Simplon was 
the place he selected for bis operations in 1870. The latitude of this 
station, as derived ftvm his observations, is 4S° 14' 59" .4, with a pos- 
sible error of a quarter of a second. 

The unusually cold winter which we have esperieaeed has aatnrally 
attracted the attention of meteorologists, and M. Plantamour, according 
to his custom, has given some results deduced from the compared course 
of the temperature of different years. The months of December and 
January of this winter have shown a ineau temperature of 2° .45. , This 
period of the winter is very similar to that of the winter of 1837-'38, of 
which the mean temperature was — 2°.3; bnt the winter of 1829, 
the remembrance of which is still traditional throughout the country, 
was colder still, as iu December and January, the mean temperature 
was 40.7. 

Colonel E. Gautier has presented frequent communications rela- 
tive to the constitution of the sun. In a paper read at the April 
meeting be gave an account of an important memoir from Professor L. 
Kespighi, director of the observatory of the capitol, upon some spectro- 
scopical observations continued for fourteen months, and which have 
been made principally with reference to the protuberances of the edges 
of the sun. The author infers from his observations that the sun must 
have an exterior liquid envelope, compressing the overheated gases 
in its interior. These gases at times force themselves through the 
envelope, and occasion formidable eruptions; after which they disperse 
and combine with the elements of the surface of the sun. In consequence 
of these combinations, obscure points appear which iu agglomerating form 
the spots on the disk of the sun. These masses doat at the surface of the 
iucaDdcsceut globe as dross a result arrived at by M. Gautier several 
years ago iu trying to re-establish the theory of Gallileo, and of Simon 
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MftriuB. Tbe paper of M. Gaatier baa been inserted in the Arcbires 
of Science 1871, volume XLI, page 27. He has continaed to- keep as 
iDformed in regard to important diacoveries made in the domain of gen- 
eral astroDomy. 

Professor Cell^rier presented a pa^or upon the molecniar constitution 
of gas. According to modem hypothesis, gases are composed of mole- 
cules, endowed with a movement of translation in every directiou, and 
freed duiiag the m^or part of the duration of this movement, from all 
mutual action, this action only revealing itself by shocks. Whatever 
be the nature of tbe latter, their consequences, according to the general 
laws of mechanics, can only be similar to those which are produced by 
the shock of two perfectly elastic bodies. The movement after the 
shock depends either upon tbe directiou of the movement before the 
shock^ or, upon fortuitous circnmstances, such as tlie direction of tbe 
plane of tbe shock. If we admit that, during a certain time, tbe di- 
rection of this piano is always parallel to one or the other of tbe 
three rectangular planes, theresnlt must be that the diffusion of the densi- 
ties, io all tbe masses would occur immediately, contrary to all experience. 
It would he tbe same for an infinity of otherdirections of the plane of the 
shock. M. Cellfirier has therefore concluded that the theory of gases 
wbicb Clausius and other physicists have proposed is not absolutely 
admissible, at least under this simple form. This communication has 
given rise t« some observations by A. de la Rive, apon tbe impossi- 
bility of doing without tbe intervention of ether, in explaining 
tbe phenomena which the gases present. 

Our compatriot, M. Dnperrey, for a number of years professor at 
Paris, has taken advantage of a sojourn at Geneva, to lay before the so- 
ciety some researches which he has undertaken, to find a simple aod 
practical relation between tbe temi>erature and tbe maximum tension 
of steam. He has obtained tbe following result, remarkable for its sim- 
plicity, that this tension represented in kilogrammes by^ square, centi- 
meters, is nearly exactly equal to tbe fourth power of the temperature- 

M. Serra Carpi, a Roman engineer, in passing througb GeneTa, has 
given some details relative to tbe variation of themeau temperature at dif- 
ferent heights, a subject treated in a pamphlet, of which he baa given 
to the society a copy. Professor Marcet, in a letter addressed from 
London to M. de la Rive, has given an account of tbe last observations 
of Dr. Carpenter upon tbe waters of tbe Mediterranean. These observa- 
tions were extended to a depth of 3,000 meters. At this depth tbe 
wateristurbnlent,andcontainsagreatquautity of dissolved gas. Tbeden- 
sity changes l^m 10O.27 at tbe surface, to 100.29 at 2,000 meters, and to 
10°.28 at 3,000 meters of depth. The denser water rests therefore upon 
water less dense ; this singular fact can be explained by currents, of 
wbicb Dr. Carpenter has without doubt confirmed tbe existence. 

In the domain of physics, Professor Regnanlt has presented to tbe 
society an important communication, which occnpieil an entire meeting. 



socmrr of physics and natural bistort, of geneta. 347 

Tbis distinj^ishecl academician gave his views as to the maiiDer of nn- 
derstanding and Btadying meteorology, also as to the best form to be 
adopted for tbe iastrameuts which are employed in this branch of science. 
He thinks tbat meteorology should be considered less as a dependenco 
of astronomy, than as auxiliary to physiology, since it assists especially 
in determining the isothermal lines, and its principal object is to give 
accoant of the physical circumstances which favor or retard the develop- 
ment of orgimized beings. As to the instruments, he is in favor of 
simplifying them in order to render them accessible to tbe greatest 
number of people. He proposes particularly to attach to barometers 
and tbermoineters photographical registering apparatus moving by 
clock-work, which will record without trouble the variations of these 
instruments and enable as to read them with perfect exactness. Instru- 
ments constructed upon this model would be of great- assistance in the 
researches within the domain of physiology, botany, agriculture, etc. 
The phenomena relative to tbe aurora borealis have been, as in tbe 
past, the object of different communications from Professor A. de 
la Bive, who continues to keep the society informed upon tbis snhject 
The same member has given an account of the imiwrtant researches 
vrbich he has made in regard to the rotatory magnetic power of liquids. 
After having devised the apparatus ho employed, and tbe new methods 
he had adoptetl to avoid as much as possible all sources of error, he has 
studied successively different liquids in order to determine their 
magnetic rotatory power, such in particular as sulphurous acid, which 
had uot previously been submitted to this kind of experiment, different 
mitxureij of solutions, and a certain number of isomeric bodies of which 
none iiresented tbe same magneto-rotatory power. The influence of 
temperature has also been analyzed with care, and it has been to prove 
tbat it tends to diminish this power, which is evidently due to the man- 
ner in which tbe particles are grouped. M. de la Rive has also presented 
in concert with M. Edward Sara»in, a work which they have made to- 
gether ou the action of magnetism upon rarefied gases traversed by 
discbarges of electricity. luoperatingsuceessivelyuponatmosphericair, 
upon carbonic acid gas, and upon hydrogen, these two physicists have 
found that the magnetism produces in the portion of gas directly 
traversed by the discharge an increase of density, and besides an aug- 
mentation or a diminution of resistance to the couductibility according 
as the electrical jet is directed eqnatorially or axialty between the poles 
of the electro-magnet. These augmentations and diminutions vary with 
each gas. They areuotbingin certain positions ofthejet with reference to 
the magnet, and are probably due, when they manifest themselves, to 
the perturbation caused by the action of magnetism in tbe disposition 
which tbe gaseou3 particles affect when they propagate electricity. 
(These tifo memoirs are inserted in tbe archives.) M. L. Soret read a 
memoir u|)on the polarization of light by water, as studied upon that 
of different lakes, upon sea- water and upon snow-water, fije abowarttuU 
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the pheDometion is more inteuoe when the water is clearest, and that tht 
polarization takes place for all parts of the spectrum equally, Dis- 
tuclied or muddj waters give no polarization. The same physicist has 
also giveu an account of some experiments ho has made in order to verify 
tlio results obtained by M. Christiansen and by M. Kuudt, upon the ab- 
normal disiiersion of the light of bodies of superUcinl colors. The two 
(rorks which I have mentioned have been published iu the Archives of 
Science, and I refer you to them. M. Gaoul Pictet has presented a papier 
on theresistanceabody experiences iuits motion through the air, with a 
uniform velocity. It would l»e difficult to give an analysis of it io a few 
words. This resistauce is expressed by the formula B = Kv*, which is 
indicated by calculation, and experimentally veritied. 

The same savant has repeated, at the meetings of the society, var- 
ions experiments, having lor their object to show the emissive and 
absorbent powers of ice for beat, and the influence which they exercise 
upon its formation and its fusion. In order to prove experimentally 
the radiant power of ice for black heat, M. Pictet has made a piece of 
ice contract rapidly by the action of this radiancy, iu immersing it 
at the level of the surface of water at 0°, and in exposing It to the 
air under a serene sky. From another side he has shon-n that ice is 
almost entirely diathermal for luminous heat, aud altogether diathcrmal 
for black heat. In projecting a ray of luminous beat through a block of 
ice inclosiug specks of foreign bodies there is formed around each corpus- 
cle a drop of water, resulting f^om the absorption of the black heat which 
these bodies radiate uuder the Inminous rays; and when these foreign 
bodies are sufficiently numerous the ice is disinregrated through its 
entire depth, and is melted. If, on the contrary, a ray of black heat is 
projected upon the block of ice, as this does not penetrate into the sub- 
stance of the ice, it produces a fusion of the superficial stratum only, 
and does not affect the interior parts. 

Professor Mariguac has communicated to as the result of his researches 
upon the specific heat of saline solutions. {Inserted in the Archives, 
vol. XXXIX, page 217.) 

M. Morin read a memoir upon the azotized substances found iu the 
embryos of herbivorous aniuiiils, and especially in their eggs. 

Our emeritus member, M. Dumas, has laid before the society various 
important questions, which were discussetl by the Academy of Sciences 
at Paris daring the siege of that capital. The necessity of having re- 
course to balloons for carrying on correspondence led to various improve- 
ments in the art of aeronautics. It was necessary, on account of economy, 
.to construct the balloons of cotton material, and in order to render tills 
impermeable, a varnish of India rubber was used. Bat M. Damns shotred 
that India rubber is permeable to giis, and proposed to superimpose on it 
some substances soluble in water, especially gelatine. Hy 8uper|K>sing 
the two substances, a varnish was obtained impermeable both to gas 
aud the moisture of the air. K was also observed that it was best to 
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launch the biilloonB ahont 3 or 4 o'clock in the moniing, because at that 
boar tbey were covered with dew, of which the gradual evaporatioD 
lightened them dnriog the moruing hours, aud allowed tbeni to maintain 
the same height without it being necesaary lo throw out ballast. Ka- 
merous trials, which seem to have some success, have been made in 
regard to directing balloons, but have not yet beeu completed. 

The scarcity of food has induced many )>ersonB attempt to imitate the 
elements of first necessity, and M. Dumas has read on this subject a me- 
moir in which he proves the impossibility of produciug milk artificially. 
The fabrication of this substance has been frequently attempted and 
has been practiced upon a great scale, but the artificial milk can never 
take the place of the natural milk, for the latter exhibits an incontestable 
organic structure which cannot be reproduced chemically ; the tat cor- 
puscles are enveloped in a pellicle, which prevents ether from dis- 
solving them. We find these globules with their pellicle even in the 
milk extracted from the lacteal vessels at the moment when the secre- 
tion of the glands takes place, which proves that tbey have a physio- 
logical origin. M. P. Gap, who we all know has been remarkably assid- 
uous at our meetings, has read two papers concerning the history of 
chemistry. The uamerons historic notices which proceed from the pen 
of this author are so well known to those who follow the progress of 
science, that it is hardly necessary to mention how peculiarly well qual- 
ified be is to treat these subjects. In his memoir upon the discovery of 
oxygen he has proved that this body was in the first place discovered 
by Bayat,a French chemist, fallen unjustly into obliviou, and that the 
work of Priestley and of Scheele is confined to making known the 
properties of oxygen, as well as those of its compounds. But Lavoi- 
sier's eminently generalizing mind gave to this discovery its true imiwrt- 
ance, and deduced from it its now recognized relations to the nomen- 
clature and the science of chemical combinations. M. Cap has also 
given au account of the discovery of iodine by Bernard Gourtois, in 
which he particularly dwells upon the first phases of this discovery, 
and upon the biography of its author. These notices have appeared in 
the Journal of Pharmacy, so it is not necessary for ns to speak of them 
farther. 

MAltrttAL SCIESCES. 

Geologi/. — Professor Alphonse de Gandolle has examined the ques- 
tion whether in case the dora which exists should be reduced to a fossil 
state, we would be able to discover any characteristic which would 
determine in a precise manner the geological age of the strata in which 
it occurs. Now, he has proved that there is no such general char- 
acteristic among the pbanerogamovs plants which are now found at 
the surface of the earth, and it is not probable there exists any among 
the cryptogamous plants. It has probably been the same at all other 
epo<;hs, and consequently the similarity between two geological strata, 
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Bitoated in different parts of tiie earth, does not prove tJiem to be of ttie 
Bame age. Tlie term geologictd epoch, which alwaye implies some dis- 
ttnctioa in the flora and in the fauna, in reference to other epochs, 
is, therefore, not adapted to the scientific signification for which it 
is intended. The aboTe-mentloaed idea is being more and more intro- 
duced into science. 

Professeur I>. CoUadon has placed before the society some beauti- 
ful photographs, which represent cuttings of the earth upon the hill of 
Geneva, executed upon tt^e Tranch^es, a hill which is believed to be a 
product of the ancient alluvion of the river Arve. He published in 
1870, in the Archives, (vol. YXXIX, page 199,) an extended notice apoa 
this anbject, and also drew attention to the study of the terraces of the 
southern shore of Lake L^mao. 

M. Ernest Favre has presented an iuteresting communication on the 
geology of the mountains of the region Boathwent of the canton of 
Fribourg, composing the chain of the ITivemont, the Mol^son, the 
Yerreaux, and that of Saint Gray; he compared the structure of this 
solid mass with similar formations, which have been observed in the 
Tyrol and in the Carpathes. (This has appeared in the Archives.) 

Finally Professor Thary has measured the thickness of the section 
of the glacier of the Oldenhom, such as it presents from the lake of 
Bh^to. He estimates it at 45 meters, and has counted from 70 to 80 
horizontal strata, each one having a thickness of about 60 decimeters. 

Botany. — Since the works of Darwin have attracted the attention <tf 
naturalists to the question of the origin of organic species, their desceit 
and their affiliations, the manner of distribution of these species over 
the surface of the globe, which has great interest on the bearing of tfats 
question, has been studied with more attention than in the past, and is 
becoming every day the object of new and important researches. M de 
GandoUe has shown that botanists have found in the flora ef the 
Fortunate Islands hardly any plant similar to the western coast of 
Africa, while they contain » large number in common with those of 
Europe. This fact wonld indicate that the islands in question have been 
formerly united to Europe, by a terrestrial communication, while it 
seems to have always remained separated from AMca. It is true we 
are by no means certain of the flora of the high mountains of Maroe, 
which throws some doubt npon the conclusions we wonld be inclined 1« 
infer from the above observations. 

Or. Miiller contributed an article, accompanied with drawings, upcm a 
new species ofhair discovered npon two Asiatic plan tsofthecombretacioua 
fhmily. These hairs have the general appearance of scales or the platesof 
a shield, but instead of exhibiting a disk formed of numerous cells en- 
tirely radial, they are formed of a regular net-work of cells, which is 
only one cell in thickness, like the ordinary leaf of mosses. Dr. UtUlei 
described these carioas scales and proposed to give the name of LSpidt 
riticulSe. 
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Professor F^e, of StraBbnrg, read a memoir apoc tbe determinatioQ 
of plants mentiODed by tbe ancients; in wfaicb heshowseapeciallybov 
excessively ditBcult it is to arrive at a sufficiently definite determina- 
tion vbicb would enable ns witb any degree of accnracy to apply tbe 
old nomenclature to the new. A recent work by M. Bubani, far from 
settling tbe inherent difficulties of this qnestioa only furnished a new 
proof of its complexity. 

ZOOLOGY AND PHYSIOLOGY. 

Among the strangers wbo have attended our sessions, Messrs. Gn^n^e 
and Bigot have for several months given their time to the arrangement 
of the entomological collections of our museum; especially tbe first of 
these gentlemen, who tor six months has been at work in oar labora- 
tories. Mr. Bigot has classified the Diptera and M. Gn^n^e the Lepi' 
doptera. As tbe collections are abont to be removed to tbe new 
academic buildings, where they will be properly exhibited, each a classi- 
fication, by competent men, is of great importance. 

M. Gu^u^e discovered in our coses several new species otPapHio and 
allied genera ; also a Bomfncide, which exhibits a very remarkable 
case of hermaphrodism ; in this Che organs of the two sexes, instead of 
being localized, are mingled and distributed through nearly all parts of 
tbe body. The article on this subject by M, Gu6n^e will be inserted in 
our memoirs. • 

M. Clapar^de has studied the cysts of a f^ra sent to him by M. Lnnel. 
Tbe mu84;le8 of this fish inclosed various cysts, most of which contained 
a liquid greatly resembling milk. In one of them was a cheesy, whitish 
substance, evidently produced by the metamorphosis of a lacteous liquid, 
similar to that in the other cysts, but tbe more fluid elements of which 
bad been re-absorbed. Tbe constituent elements of these cysts were 
psorospermies, resembling each other, and composed of a head of len- 
ticular form, and a tail double from its base. With these psorospennies 
there waa always found a grannlar protoplasm, at whose expense the 
psorospermies were developed. These facts hare been observed before,' 
but what was especially remarkable in the f^ra in question was tbe 
presence of other cysts in tbe mucus of tbe gills, but with psorosper- 
mies very different, and much smaller, having a diameter of only one- 
fourth toone-tenth of a millimeter. Their abundance gives to the entire 
bronchial apparatus a grayislt tint. These psorospbefmies were not 
lenticular, but perfectly spherical, and without a tail, each inclosing a 
spherical kernel, very refracting, and some small grains. M. Glapar^e 
thinks there must be a generic connection between the small cysts of 
the gills and the large cysts of the muscles. However, no observations 
have aa yet confirmed this hypothesis. Upon one of the arches of tbe 
gills was a cyst of about a millimeter in size, of which the contour was 
very difierent from the other gill-cysts, and resembled somewhat thoss 
of tbe muscular cysts. These psorospermies are distingnisbed from- 
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tbose of the Inrge cysts by their shorter tails. However, with a great 
mauy of thcin the tail was bifurcated at the end. Pro£ ClaparMe 
also exhibited the plates of a new work npon the histology ot Anndlidet, 
and has given some details as to the process he employs for the arrange- 
ment and preservation of his preparations. 

M. Hermau Fol read before the society a long and important memoir 
upon the AppendicuUtires, a family belonging to the class of Tnnieiert 
It confirms the near relation that several antbors have establishe^l be- 
tween these animals and vertebrates, and proposes to place them at 
the base of the genealogical tree of the latter. M. Fol has been made a 
member of our society on account of this work, which will be printed 
in Volume XX of onr memoirs. 

M. Godfrey Lunel has given some interesting facta observed at Ge- 
neva relative to the metamorphoses of the Axolntea. We know that 
these batracians are transformed sometimes by the loss of their bron- 
chia, and, from being aqaatic, as they generally are, they become pnl- 
monary animals, living in free air. Several Aiwiotes, placed in running 
water, did not experience any change; while of two others, left in a 
wash-basin, badly eared-for and exposed to the cold, one died, and the 
other was transformed by the loss of its bronchia ; but, after having 
been replaced in a normal condition, it ro-assumed its first form m 
perfectly as not to be distinguished. This feet, which constitutes a sec- 
ond transformation in a retrograde direction, is entirely new. 

Dr. J. L. Provost has given an account of experiments relative 
to the mode of action of aneesthettcs and of chloroform upon the oer- 
vons center, and he has obtained results contrary to those of M. CL 
Bernard, ^is physiologist states that the chloroform, in acting up- 
on the brain, aflects not only that organ, but acts also, at a distance, 
npon the spinal marrow, withoot being in contact with it. M. Provost 
has repeated the principal experiments of M. Bernard, which consist 
in stopping the circulation in frogs, by placing a bandage below the 
shonlders, then iiyecting diluted chloroform into one set below the skin 
of the anterior cut, and into the other below the skin of the )K>aterior 
cnt In varying the position of the frogs, M. Provost, after trial, 
has found that chloroform introduced in the posterior part can, 
contrary to the opinion of M. Bernard, aufesthetize the anterior part 
when the frog is placed with the posterior members in the air, while 
the chloroform introduced in the anterior part does not ancesthetize the 
posterior part if we are caroful to place the frog with the head down- 
ward. He thinks that M. Bernard has not been sufficiently careful to 
guard i^ainst the filtration of the chloroform through the tissues. 

M. Provost, in applying pure chloroform to the denuded brain ot 
a frog, of which the aorta was tied, and placed in the position above 
indicated, has aotestbetize the head only of the animal, leaving intact the 
fanctions of the spinal marrow. Afterward, when he has untied 
the aorta, these frogs have returned to their normal state, which proves 
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tiiat the chlorofono acts in thia experimeDt simply as an aoEesthetic, 
aad not as a caustic, which destroyed the hraiD, leaving the frog in the 
state of a headless animal. From tbese experiments M. Provost has 
come to tbe conelasion that chloroform anEesthetizes in the nervous cen- 
ter only the parts with which it is directly in contact, and that it does 
not act at a distance, as M. Bernard believed. 

M. Brown-SeQnatd has produced some phenomena of epilepsy npon 
Guinea pigs hy means of hemisections of the marrow or of the 
section of a sciatic nerve. Dr. Provost has obtained the same 
phenomena by the ampntation of a thigh of one of these animals. In 
order to provoke a nervous attack it lb sufficient to excite the zone 
called epileptic, which comprises the half of the sorface corresponding 
to the member amputated, and immediately the animal is thrown into 
convulsions. The excitability of this zone decreases, however, with the 
continnation of the esperiment, and it is always more difficult to pro- 
voke a new crisis. The stady of this artificial epilepsy will, without 
donbt, throw some light upon the kind and nature of natural epilepsy. 



Dr. Lombard has been investigating for several years the climate 
of mountains, a subject which more than any otbei ought to interest 
the physicians of SwiUerland. His later researches are directed to the 
effect which tbese climates exercise npon pulmonary phthisis, aguestion 
which he had been appointed to investigate by the commission estab- 
lished at Samaden, for the purpose of its elucidation. He estimated 
that a residence in high altitudes would prevent the development of 
the phthisis, and even cure it, either in developing the pulmonary em- 
physema, or by favoriLg the functional periphery activity. (The work 
of M. Lombard bas appeared in the Medical Bulletin of Switzerland.) 

Finally, M, Alphonae de GandoUe read a notice which likewise de- 
serves to be registered in tbe medical rubric. It is, in fact, an appli- 
cation to this science of the Darwinian principles deduced from natural 
history, inasmuch as it treats of an effect of selections rendering variable 
the intensity of maladies when they are very deadly. According to the 
author, when a disease has severely attacked that portion of the popula- 
tion not advanced in years, the following generation, descending from 
persons not disposed to take this disease, will also be in the same 
condition by an ordinary effect of the hereditary law. There is, there- 
fore,' a reason for tbe diminution of the epidemic. We can likewise 
explain why its attacks are most severe the first time it appears among 
a population, and why it afterward becomes rare or less l^tal, which 
has been the case with most of the diseases of this kind. At the end 
of several generations, however, a population moderately attacked by 
a disease resembles the condition of a population who have never had 
it, and tbe result is a double intensity. Applying these principles to 
tbe small-iwz, M. de Caodolle estimated that at the time when Jetin^ 
23s 71 X.OOgTc 
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iotroduced vaccioe, tbe variolic affection was weakeaed relatlre to tbe 
anterior epoch. Vaccine ongbt, therefore, to be as much more effica- 
cions when it is applied in a Bimilar condition. SmaU-pox haviiig 
nearly disappeared in Europe, daring two generations a new pt^olatlon 
appears less exempted from its attacks, and this cause of receptibilit; 
ought to-day to render vaccine less eCELcacioos. Tbe author does not 
pretend to say that this is tbe only acting cause, but he thinks that, 
independently of others, it exists as a necessity, and that it ought to be 
taken into account. 

Id giving a concise account of the labors of the society I have omit- 
ted many communications of a less important character, serving as 
themes for those discourses with which our meetings gener^y terminate. 

These lamiUar conversations, in which each one gives an account of 
bis studies, and which are often succeeded by Interesting discussions, con- 
tinue to occupy our meetings in the most usefal and agreeable manner. 
They not only maintain between the members an intimate relation which 
we all appreciate, bat likewise establish a sort of oral bulletin of tbe 
most recent discoveries, allowing each one to follow in a general man- 
ner the progress of science outside of his own specialty. 

INTEESAL ADMINISTEATION. 

Having given a summary of the papers presented at our meetings, it 
only remains for me, gentlemen to give you a brief accoant of the in- 
terior transactions of the society. Col. Cmile Gantier has been 
elected president for 1871-*72, and M. E. Sarasin has been confirmed in 
bia position as secretary. 

If we have had the misfortane to lose one of our colleagues, we have 
also had the satisfaction of gaiuing two new ordinary members in MM. 
Raonl Pictet and Herman Fol, and we have likewise increased the list 
of our Iree associates by the addition of MM. Georges Provost, H. P. 
E. Sarasin, J. L. Micbeli, and H. Barbey. The number of our ordinaiy 
members, which, in 1867, was forty-one, to-day amonnta to forty-nine, 
but the number of our free associates, which at the same date was 
forty members, has decreased to thirty-eight, including the admission of 
several associates to the title of ordinary members. You have also 
nominated as honorary members, in addition, MM. B^gnault, F4e, ao<] 
Cap, who were mentioned above, Prof, de Ifotaris, of Genes, well 
known from his works upon botany, and the director of the Smith- 
sonian Institution, of Washington, Professor Joseph Henry. This 
savan has been associated with us a long time, in relations whicb we 
est«em infinitely precious, and assisted at one of our meetings in 1870. 

As to our pnblications, they have followed their ordinary course. Tbe 
SocietyofPhysics publishes each year half a volume, which theyreaerre 
as much as possible, on accoant of itssize, for the memoirs accompanied 
with plates givingtothearchives of science those which do not leqaire illus- 
trations. Itwas inthe year 1821 tbattheflrstnumberofoormemoirsap- 
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peared, and we finished the twentieth volumeiu 1S70, Youhave decided to 
make a genoral index of this series, in order to facilitate researches 
which will become every day more difficult to esamiue in proportion as 
the Dumber of oar volumes are increased. This index, which wilt ap- 
pear at the same time as the present volnme, bas been prepared by our 
colleague, Alfred Le Fort, who very obligingly devoted his time and 
labor to ont interests. I am commissioned, in the name of the society, 
to tender bim our sincere acknowledgments. 

The recapitulation of the material contained in onr first twenty vol- 
umes has shown that it includes in all three hundred and fifteen notices 
and memoirs, some of which constitute complete works. This publica- 
tion constitutes, therefore, an important collection, which can claim a 
most honorable place among the scientific transactions of Europe. 

Lastly, I will add that, although at an expense somewhat exceediug 
the means of the society, the rich herbarium, for which onr city is in- 
debted to the generosity of the family of DeLessert, has been placed in 
the botanical conservatory prepared for that purpose, where it is now 
definitely arranged in such a manner that botanists may have iree ac- 
cess to it. 

Before concluding this report, I desire, geutlemen, to communicate a 
circumstance which appears to me to have peculiar interest for ns, as 
it refers to the origin of our society. In a preceding report, one of 
yonr presidents, Dr. Grosse, proposed at the fiftieth anniversary of 
the first scientific congress held at Geneva to give you, with a talent 
you all know how to appreciate, the history of the Society of Physics, 
of which bis father was one of the founders. In some researches to 
which I have devoted myself this winter, in order to find in the papers 
of my family some documents relative to the history of this society 
during the first years of its existence, I have found a piece which 
appears to me worthy of your regard. It is a letter of M. A. Pictet to 
my grandfather, in which he announces the formation of the society and 
incloses the names of its founders. I will give the most important part 
of the letter : 

" I am commissioned, my very dear colleague, to offer to you, as likewise 
to your son Theodore and M. Necker, membership of a society with which 
I have the honor of being connected. I delayed mentioning it to you 
until I could send at the same time the rules, a copy of which I received 
yesterday. In reading them you will be informed of the obligations 
imposed, which I hope wilt not lighten you. I have already attended 
a meeting, and I assure you that, by the interest with which it has 
inspired me, I judge it will prove a favorable aud useful project for 
the progress of natural science and the personal advantage of the in- 
dividuals who compose this society. 
" Below are the actual members : 
" M. M. CoUadoD, ToUot, Gosse, Vauch^, Jurine, Gaudy de Russie, 
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Pietet. Members elected unanimonsly : M, M. de Saussure, fatber and 
son, Necker de Saussure, Sensbier, Tingrey. 

" Perbaps tbere are one or two others vhoiu I bave forgotten to men- 
tion, as I made this catalogue from memory. 

The next meeting will be tbe first Thursday after the 15th, at M. 
Toilet's, and if you accept your election, as we all hope you will, your 
membership dates from the present, as well as that of your son and M. 
Secter, to whom I beg you to have the goodness to communicate the 
rules. 

•*' Accei>t the sincere attachment of your devoted servant and colleague, 

"PICTET. 

■« Gepjeta, Saturday, October 8, 1791." 

This document refers, aa we see, the definite constitution of the Society 
of Physics to the year 1791. It shows that it was composed first of 
twelve gavants of Geneva, and that tbe origioat meetings were held on 
Thursday, aa in our days, though lately we have changed to Wednes- 
day. The limited number of its members continually increased, and we 
now have tbe satisfaction of seeing it sustained at a level which 
tends ratber to rise than to fall. The construction of new 
academic bnildings, in proportion to tbe new demands, is a speaking 
testimony of the increasing progress of the intellectual activity of our 
city. The extensions which could be made io the library, the laboratories, 
and the museums wonld furnish a new element to this activity, and 
would not fail to coutribate to the extension of tbe taste for science in 
which Geneva oaght to occupy a position before the world superior to 
that which would be assigned her, merely taking into consideration her 
population and the smallneas of her territory. 

In couclnding, we will hope that tbe year, so fraught with agitation, 
through which we bave jnat passed may be succeeded by a period of 
calm, of repose, and of prosperity, ia which the peaceable occupations of 
science may take the place of the clamorous commotion with which we 
have been too long disturbed. Our society will then return to its la- 
bors with new ardor, and more fully maintain tbe honorable position 
so long occupied by our country, through the memory of the men who 
have distinguished it, aud of whom the traditions are well preserved 
wherever profound truth is cherished. 

Appendix to the report of Hie president. 
EDWARD clapab£:de. 
Gentlemen: A few days after you had heard tbe reading of the 
report of your president upon the operations of tbe year 1S70-'71, we 
received the afflicting iutelligence of the death of our excellent col- 
leagne, M. Edward ClaparMe. In view of tbe deep and unanimous 
regret which we all experience at the loss of one who ranked among 
tbe first mvants of onr city, we concluded it woald be too long to wait 
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antil next year's report for the t«Btimony of esteem aiid affection in 
iWhicti you all deaire to unite, and we think it more suitable to add to 
tMs year's report a notice vMch shall from this day recall the memory 
of Claparede. 

Edward OlaparMe, bora in 1832, was from an ancient family in 
Geneva. He commenced his studies at the Academy of this city, where 
ite was even then remarkable for his pre-eminent resources. Bn- 
.dowed with a decided taste for natural sciences, he was the pupil of 
Professor Pictet de la Rive, who, by his instruction, developed in him 
a taste for zoology. In 1853 he went to the University of Berlin, where he 
studied with the distingcished Jean Muller, who was not long in recog- 
nizing his merits, and of whom be became one of the best pnpils. 
Even while pursuing his studies, he composed several memoirs upon 
the inferior animals, one of which treats of the anatomy of Cyclo- 
stoma elegatu, which served him as a thesis for the doctorate. It was 
also at this time that he commenced, in common with his friend Lach- 
mao, a great work upon the Infusoria and the Ehgzopodia, which 
made a considerable advance in the science of these animals, and 
which obtained for him the great prize of physical science from the 
Institute of France. Made Doctor of Medicine in 1857, Claparfede re- 
turned to Geneva, where he continued his labors with great assiduity, 
notwithstanding impaired health, and Bufferings which would have dis- 
couraged almost anyone else. He was soon elected to a professorship, 
and displayed in his instruction the brilliant qualities which contribu- 
ted to increase the reputation of onr Academy. He also gave several 
public lectures, which always attracted a large audience, thanks to his 
great erudition, and to the fluency of speech which gave to his instrnc- 
tion an irresistible attraction. 

Although his tastes led him to prefer the study of inferior animals, 
he was occupied with various subjects, and we find in the memoirs of 
the Archives de la Bibliotkdque Univeraelle numerous articles of his upon 
different branches of science, in which he gave a r^sum^ of works in 
foreign languages, also a number of analyses, as learned as varied, 
upon many subjects, which added much to the value of the bulletin. 
Understanding nearly all the languages of Europe, he could give an 
accoant of a great many works entirely inaccessible to others, while bis 
critical appreciation bore the mark of a true scientific genius. 

The desire to pursue bis researches upon marine animals induced 
CiaparMe to make numerous journeys to the sea-shore, and on each 
occasion he collected the materials for important investigations, the re- 
sults of vhich appeared either in Geneva, in the Memoirs of the Society 
of Physics, or in Germany, in theZeitschrift iur wissenschafUiche Zoologie 
of Siebold and Eolliker, in the Archives of MiUIer, &c The class of 
Anndlidea more particularly arrested his attention. Almost every 
year he made it the subject of some new publication, aud finally devo- 
ted bis great work to the Annelides of Naples, which, unfortanately, 
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-^as the last labor of bis life. Tbere is, bowever, still anotber exten- 
sive work by bim, not yet printed, wbieh will appear, treating of the 
history of these animals. 

Besides bis study of mariuc animnts, Oaparede made at Geneva rery 
varied researches on other subjects. lie published memoirs upon bin- 
ocular vision, and numerous works upon the embryology of the Arthr- 
opodes. In 1860 the Society of the Sciences, of Utrecht, awarded him 
a gold medal for his beautiful investigations relative to the evolution 
of the Arau^ides, which were followed by bis studies upon different 
crnstaceous aud acarious animals, which include many new facts, and 
which are all important works in the progress of science. In fact, 
<JIapar€de, always noted for the correctness of his eye, ended by 
becoming an authority of the first order in all questions to be deci- 
ded by the microscope, and in this respect he exercised throughout the 
entire world a well-merited authority. His eminent genius for obser- 
vation, the clearness of his judgment, which comprehended all diffi- 
culties, naturally led Clapar^de to the study of Darwinism, of which be 
became a decided defender, aud iu relation to which be published ser- 
eral remarlfable articles. 

In reading the numerous and important works of ClaparMe, no one 
would imagiue the sad condition of his health. Afflicted with serions 
organic maladies, bis life was one long martyrdom. A violent disease of 
the heart bad, from his earliest youth, caused great disturbance through 
tbe whole of his organism ; all exercise of any importance was inter- 
dicted ; frequent bfemoptysies brought him several times to the verge 
of tbe grave; suffering of various kinds rendered bito incapable of 
work during long periods, and we can hardly comprehend bow, even in 
liis best moments, he could devote himself to active research. His life 
was sustained by a force of energy in his latter years, and by extreme 
measures which no physician would have dared to advise. This condi- 
tion of health did not cease to be a cause of anxiety aud sadness to bis 
friends. It prevented him from undertaking works of great length, and 
■we can judge by what be has accomplished, notwithstanding so many 
difficulties, how much he might hare done if be had been blessed with 
good or even moderate health. 

The necessity for a warm climate, as much as his passion for tbe sea- 
shore, induced Clapar&de, in 1866, ta pass tbe winter at Naples. This 
sojourn agreed with bim perfectly ; he devoted himself to bis immense 
researches upon the Aniielidea, which fills tbe twentieth volume of oar 
memoirs, lliis induced him, ttro years after, to spend a second winter 
in Kaples, bat the serious illness of his wife made work almost impossi- 
ble; the assiduous care whicb he lavished upon the companion of his 
life weakened him, aud he became himself extremely ill. Nevertheless, 
tie desired, in 1870, to again attempt a sojourn at Naples, bat far ftorn 
experiencing any relief he was more indisposed than ever. A hydrop- 
sy, which slowly ascended toward tbe vital organs, left bim oo hope- 
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He fongUt against it, accordiDg to his custom, witti an extraordiBaiy en- 
ergy, denyiDg ttimself drinks, and submitting to a treatment wtiich the 
physicians believed to be beyond the endniance of a patient. He died 
the 31st of May, at Sienoe, on his retnra voyage, at the age of tbirty- 
i^ine years, just at the time when we all had reason to hope that it would 
not be long before we should again welcome him to oar midst. * 

The death of ClaparMe has taken from Geneva one of the finest 
flowers from her scientiflc crown, and from our Academy one of its 
most iUostrions professors. The sorrow of his death-will extend beyond 
the extreme limit of our city, and be felt wherever science is cultivated. 
GlapaiMe was one of those men who make a mark in the intellectual 
life of a country and who seem predestined to be the foonder of a school. 
We recognize in him a combination of faculties rarely found united in 
the same individual, an extraordinary tacihtj to assimilate the labors 
of others, a prodigious memory, great quickness of conception, and a 
certainty of observation which was never at fault. To these essential 
faculties were joined all the accessory qualities which facilitate work in 
the domain of natural sciences. He excelled in the art of flue prepara- 
tions; he handled the brash with as much talent as the surgeon's knife, 
and drew himself the plates of his work. He understood all the lan- 
guages of Europe outside of the Slavonic tongaes ; bis studies were im- 
mense and redundant, though he made but few notes; his eradition 
was really wonderful. The largeness of hia views struck all who 
approached him, and his instructions had a fascinating attractiveness, 
though nothing was sacrificed to eloquence. His conversation was 
always learned upon almost any subject, for it would have been dif- 
ficult to find a specialty, scientific or literary, even among those most 
foreign &om his ordinary studies, in which he could be taken unawares. 

As for OS, gentlemen, it is not only a philosopher whom we mourn, 
bat a tried and devoted friend ; a man of uprightness, one who, besides 
the genius of science, possessed also all the generous qualities of the heart 
I can only regret, in concluding, that the remembrance of his life among 
us ahonid not be recorded in our annals by a pen more worthy than mine. 
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Navy DepabtmeI^T, June 9, 1871. 
Sib : HaviDg been appointed, by the PresideQt of tbe Uuited States, 
commander of tbe expedition toward tbe Kortb Pole, and tbe steamer 
Polaris baviug been fitted, equipped, provisioned, and assigned for tbe 
pnrpose, yoa are placed in command of tbe said reesel, ber officers and 
crew, for the purposes of the said expedition. Having taken command, 
yon will proceed in the vessel, at tbe earliest possible date, from tbe navy- 
yard in this city to New York. From New Tork you will proceed to 
the first favorable port you are able to make on tbe west coast of Green- 
land, stopping, if you deem it desirable, at St. Johns, Newfonudlaad. 
From tbe first port made by yon, on tbe west coast of Greenland, if &rther 
Booth than Holsteinberg*, you will proceed to that port, and thence 
to Qoodbaven, (or Lively,) in the island of Disco. At some one of tbe 
ports above referred to you will probably meet a transport, sent by tbe 
Department, with additional coal and Btore3,from which you will supply 
yourself to tbe fallest carrying capacity of the Polaris. Should yon fall 
in with tbe transport before making either of the ports aforesaid, or 
Hhonld you obtain information of her being at, or having landed her 
stores at any port south of the island of Disco, you will at once proceed 
to pnt yourself in communication with the commander of tbe transport, 
and sapply yourself with the additional stores and coal, taking such 
measures as may be most expedient and convenient for that purpose. 
Should you not bear of tbe transport before reaching Holsteinberg, yon 
will remain at that port, waiting for her and your supplies, as long as 
the object of your expedition will permit you to delay for that pnrpose. 
Alter waiting as long as is safe, under all thecircnmstancesastheymay 
present themselves, you will, if you do not hear of tbe transport, pro- 
ceed to Disco, as above provided. At Disco, if you hear nothing of the 
transport, you will, after waiting as long as you deem it safe, supply 
yourself, as far as you may be able, with such supplies and articles as 
yon may need, and proceed on your expedition without further delay. 
ProD) Disco yon will proceed to Upemavik. At these two last-named 
places you will procure dogs and other Arctic outfits. If yon think it 
of advantage for the purpose of obtaining dogs, &c., to stop at Tossak, 
yon will do so. From Upemavik, or Tossak, as the case may be, yon 
will proceed across Melville Bay to Cape Dudley Digges, and thence 
yoQ will make all possible progress, with vessels, boats, and sledges. 
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toward Uie North Pole, osiug your own judgmeut as to the route or 
routea to be pursued and thelocality for each winter'squartera. Having 
been provisioned and equipped for two and ahalf years, you will pursue 
your explorations for that period; but, should the object of tbe expedi- 
tion require it, you will continue your explorations to such a further 
length of time as your supplies may be safely ext£nded. Should, bow- 
ever, the main object of the expedition, viz, nttaiuiug the position of the 
North Pole, be accomplished at an earlier period, you wilt return to the 
[Tnited States with all convenient dispatch. 

There being attached to the expedition a scientific department, its 
operations are prescribed in accordance with the advice of the Kational 
Academy of Sciences, as required by the law. Agreeably to this advice, 
the charge and direction of the scientific operations will be intrasted, 
under your command, to Doctor Emil Bessels ; and you will render Dr. 
Beesels and his assistants all such facilities and aids as may be in your 
power to carry into efl'ect the said further advice, as given in the in- 
structions herewith furnished in a communication fh)m the president of 
tbe National Academy of Sciences. It is, however, important that ob- 
jects of natural history, ethnology, &c,. &c., which may be collected by 
any person attached to the expedition, shall be delivered to the chief 
of tbe scientific department, to be cared for by bim, under yonr direc- 
tion, and considered tbe property of the Government; and every 
person be strictly prohibited from keeping any soch object. Tou 
will direct every qualified person in the expedition to keep a private 
journal of the progress of tbe expedition, and enter on it events, obser- 
vations, and remarks, of any nature whatsoever. These journals shall 
be considered confidential and read by no person other than tbe writer. 
Of these journals no copy shall be made. Upon the return of tbe ex- 
pedition you will demand of each of tbe writers bis journal, which it is 
hereby ordered he shall deliver to yon. Each writer is to be assared 
that when tbe records of tbe expedition are published he shall receive 
a copy; the private journal to be returned to the writer, or not, at the 
option of tbe Government; but each writer, in the published reconls, 
shall receive credit for such part or parts of his journal as may be used 
in said records. Tou will use every opportunity to determine tbe posi 
tion of all capes, headlands, islands, &c., tbe lines of coasts, take sound- 
ings, observe tides and currents, and make all such snrveys as may 
advance oar knowledge of tbe geography of tbe Arctic regions. 

Ton will give special written directions to the sailing and ice mast^ 
of the expedition, Mr. S. O. Buddiugton, and to the chief of the sciontifle 
department, Dr. B. Bessels, that in case of yonr death or disability — a 
contingency we sincerely trust may not arise — they shall consult as to 
tbe propriety and manner of carrying into further effect the foregoing 
instructions, which I here urge most, if possible, be done- The results 
of their consultations, and the reasons therefor, must be put in writiog, 
and kept as part of the records of the expedition. In jiuy event, bow- 
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ever, Mr. Bnddiogton sliall, iu case of your deatU or disability, continue 
as the sailing and ice master, and contml and direct tbe movements of 
tbe vessel ; and Dr. Bessels sball, in such case, continue as chief of the 
scientific department, directing all sledge jonmeya and scientific opera- 
tiona In the possible contingency of their non-ngreement as to the 
course to be pursued, then Mr. Buddington shall assume sole charge 
and command, and return with tlie expedition to the United States with 
all possible dispatch. 

Ton will transmit to this Department, as often as opportunity offers, 
reports of yonr progress and results of your search, detailiug the route 
of your proposed advance. At the most prominent points of your 
progress you will erect conspicuous skeleton stone monuments, deposit- 
ing near each, in accordance with tbe confidential marks agreetl upon, 
a condensed record of yonr progress, with a description of the route 
upon which you propose to advance, making caches of provisions, &c., 
if you deem fit. 

Id the event of the necessity of finally abandoning yonr vessel, you 
will at once endeavor to reach localities frequented by whaling or other 
ships, making every exertion to send to the United States information 
of your position and situation, and as soon as possible to return with 
your party, preserving, as far as may be, the records of, and all possi- 
ble objects and specimens collected in, the expedition. 

All persons attached to the expedition are under your command, and 
shall, under every circumstance and condition, be subject to the rules, 
regulations, and laws governing the discipline of the Navy, to be modi- 
fied, but not increased, by you as the circumstances may in your judg- 
ment require. 

To keep tbe Government as well informed as possible of your pro- 
gress, you will, after passing Cape Dudley Digges, throw overboard 
xlaily, as open water or drifting ice may permit, a bottle or small copper 
cylinder, closely sealed, containing a paper, stating date, position, and 
such other facbs as you may deem interesting. For this purpose you 
will have prepared papers containing a request, printed in several 
languages, that the finder transmit it by the most direct route to the 
Secretary of the Navy, Washington, United States of America. 

Upon the return of the expedition to the United States, yon will 
transmit your own and all other records to the Department. Yon will 
direct Dr. Bessels to transmit all the scientific records and collections 
to tbe Smithsonian Institution, Washington. 

The history of the expedition will be prepared by yourself, from all 
the journals and records of the expedition, under the supervision of the 
Department. All the records of the scientific results of the expedition 
will be prepared, supervised, and edited by Dr. Bessels, under the 
direction and authority of the president of the National Academy of 
Sciences. 
Wishing for yoo and your brave comrades health, happiitess, and 
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saccesB in your daring enterpriae, and commending yon and them b 
the protecting care of the Grod who rules the nniverse, 
I am, very respectfully, youra, 

GEO. M. ROBESON, 

Secretary of the Navy. 
Chas. p. Hall, 

Commanding Expedition toward the North Pole. 



LETTER OF PEOFESSOR JOSEPH HENRY, (PRESIDENT OF THE NATIONAL 
ACADEMY OF SCIENCES,) WITH INSTRUCTIONS TO CAPTAIN C. F. HAT.l, 
FOE THE SCIENTIFIC OPERATIONS OF THE EXPEDITION TOWARD THE 
KORTH POLE. 

Washington, D. C, June 9, 1871. 

Sia : In accordance with the law of Congress authorizing the expe- 
dition for explorations within the Arctic Circle, the scientific operations 
are to be prescribed by the National Academy ; and in behalf of this 
society I respectfully submit the following remarks and suggestions: 

The appropriation for this expedition was granted by Congress prin- 
cipally on acconnt of the representations of Captain Hall and his friends 
as to the possibility of improving oiii knowledge of the geography of 
the regions beyond the eightieth degree of north latitude, and more 
especially of reaching the Pole. Probably on this acconnt and that of 
the experience which Captain Hall had aeqnired by seven years' resi- 
dence in the Arctic regions, be was appoiuted by the President as com- 
mander of the expedition. 

In order that Captain Hall might have full opportunity to arrange his 
plans, and that no impediments should be pnt in the way of their 
execution, it was>proper that he should have the orgaoization of the 
expedition and the selection of his assistants. These privileges having 
been granted him, Captain Hall early appointed as the sailing-master 
of the expedition his friend and former fellow-voyager in the Arctic 
Zone, Captain Bnddingtoo, who has spent twenty-five years amid polar 
ice; and for the subordinate positions, persons selected especially for 
their experience of life in the same regions. 

It is evident from the foregoing statement that the expedition, except 
in its relations to geographical discovery, is not of a scientific character, 
and to connect with it a full corps of scientific observers whose duty it 
should be to make minute investigations relative to the physics of the 
globe, and to afford them such facilities with regard to time and position 
as would be necessary to the full success of the object of their organi- 
zation, would materially interfere with the views entertained by Captain 
Hall, and the purpose for which the appropriation was evidently 
intended by Congress. 

Although the special objects and peculiar organization of this expe- 
dition are not primarily of a scientific character, yet many phenomena 
may be observed and specimens of natural history be incidentally ool- 
lected, particularly during the long winter periods in which the vessel 
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must necessarily remain stationary ; and therefore, in order that the 
opportunity of obtaining such results might not be lost, a committee 
of the National Academy of Sciences was appointed to prepare a 
series of iDstmctione on the different branches of physics and uatnral 
history, and to render assistance in procnring the scientific oatfit. 

Great difBcnlty was met with in obtaining men of the proper scientific 
acqairements to embark in an enterprise which must necessarily be 
attended with mnch privation, and in which, in a measnre, science mnst 
be subordinate. This difQcuIty was, however, happily obviated by the 
offer of an accomplished physicist and naturalist, Dr. E, Bessels, of 
Heidelberg, to take charge of the scientific operations, with such assist- 
ance as could be afforded him by two or three intelligent young men 
that might be trained for the service. Dr. Bessels was the sdentific 
director of the German expedition to Spitsbergen and Kova Zembla, In 
1S69, during which he made, for the first time, a most interesting series 
of observations on the depths and currents of the adjacent seas. From 
bis character, acquirements, and entbasiasm in the cause of science, he 
is admirably well qualified for the arduons and laborious ofSce for which 
he is a volunteer. The most important of the assistants was one to be 
intrusted, under Dr. Bessels, with the astronomical and magnetic 
observations, and such a one has been found in the person of Mr. Bryan, 
a graduate of Lafayette College, at Eastou, Pennsylvania, who, under 
tbe direction of Professor Hilgard, has received from Mr. Scbott and 
Mr. Eeitb, of the Coast Survey, practical instructions iu the use of tbe 
Instruments. 

The Academy would therefore earnestly I'ecommend, as an essential 
condition of the soccess of the objects in which it is interested, that Dr. 
Bessels be appointed as sole director of tbe scientific operations of tbe 
expedition, and that Captain Hall be instructed to afford him such 
fAcilities and assistance as may be necessary for tbe special objects 
under his charge, and which are not incompatible with the prominent 
idea of the original enterprise. ' 

As to the route to be pursued with tbe greatest probability of reach- 
ing the Pole, either to the east or west of Greenland, the Academy for- 
bears to make any suggestions. Captain Hall having definitely concluded 
that the route through Baffin's Bay, tbe one with which he is most 
familiar, is that to be adopted. One pointy however, should be specially 
urged upoir Captain Hall, namely, the determination with the utmost 
scientific precision possible of all his geographical positions, and 
especially of the ultimate northern limit which he attains. The evidence 
of the genuineness of every determination of this kind should he made 
apparent beyond all question. 

On the return of the expedition the collections which may be made in 
natural history, &c, will, in accordance with a law of Congress, be de- 
posited iu tbe National Museum, under the care of tbe Smithsonian In- 
stitution ; and we would suggest that the scientific records be discussed 
aad prepared for publication by Dr. Bessels, with such assistance as he 
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may reqaire, under the direction of tbe National Academy. Tbe import- 
ance of reftoBiug to allow joamals to be kept exclusively for private nee, 
or collections to be made other tban those belonging to tbe expedition, 
is too obvious to need epeciat suggestioo. 

In fitting out the expedition, the Smithsonian Institntion has afforded 
all the facilities in its power in procnriug tbe necessary apparatus, and 
in furnishing the outfit for making collections in the various depart- 
ments of natural history. Tbe Coast Survey, under tbe direction of 
Professor Peirce, has contributed astronomical and magnetical iDStm- 
ments. The Hydrograpbic Office, under Oaptaio Wyman, has furnished 
a transit instrument, sextants, chronometers, charts, books, &c. The 
Signal Corps, under Qeneral Myer, has supplied anemometers, ther- 
mom«ters, aneroid, and mercurial barometers, besides detailing a ser- 
geant to assist in the meteorological observations. The members of 
the committee of the Academy, especially Professors Baird and Hilgard, 
have, in discussing with JDr. Bessels the several points of scientific in- 
vestigation and in assisting to train bis observers, rendered important 
service. 

The liberal manner in which the Na\-y Department, under your direc- 
tion, has provided a vessel, and especially fitted it out for the purpose 
with a bountiful supply of provisions, fuel, and all other tequisites for 
the snccess of tbe expedition, as well as the health and comfort of its 
members, will, we doubt not, meet tbe approbation of Congress, and be 
highly appreciated by all persons interested in Arctic explorations. 

From the foregoing statement it mnst be evident that tbe provisions 
for exploration and scientific research in this case are as ample as those 
which have ever been made for any other Arctic expedition, and sboulil 
tbe results not be commensurate with tbe anticipations in regard to 
,tbem, tbe fact cannot be attributed to a want of interest in the enter- 
prise, or Ut inadequacy of the means which have been afforded. 

We have, however, full confidence, not only in the ability of Captain 
Hall and his naval associates to make important additions to the knowl- 
edge of tbe geography of tbe polar region, but also in hia interest in 
science and bis determination to do all in bis power to assist and facib- 
tate the scientific operations. 

Appended to this letter is the series of instructions prepared by the 
committee of the Academy, \iz, the instructions on astronomy, by Pro- 
fessor Newcomb; on magnetism, tides, &c., by Professor J. E. Hllgard; 
on meteorology, by Professor Henry; on natural history, by Professor 
S. F. Baird; on geology, by Professor Meek; and on glaciers, by Pro- 
fessor Agassiz. 

I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENKY, 
Pregident of tke Xatioiial Academy of Sciertcet, 

Hon. George M. Kobeson, 

Secretary of the Savy. 

D„:,iP<.-jM,C00glc 
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Records of observations. — It is of the first importance that in alt in- 
stnimeDtal observations the fnllest record be made, and that the original 
notes be preserved carefully. 

In all cases the actual lostrumeDtal readings must be recorded, and 
if any corrections are to be applied, the reason for these corrections 
must also be recorded. For Instance, it is not sufficient to state the 
iudez error of a sextant; the manner of ascertainiug it and the readiuga 
taken for the purpose mast be recorded. 

The log-book should contain a continuous narrative of all that is done 
by the expedition and of all incidents which occur ou shipboard, and u 
similar journal should be kept by each sledge party. The actual obser- 
vations for determining time, latitude, the sun's bearing, and all notes 
having reference to mapping the shore, soundings, temperature, &c., 
should be entered in the log-book or journal in the regular order of 
occurrence. When scientific observations are more fully recorded in the 
note-booksof the scientiflcobserver than can be conveniently transcribed 
into the log-book, the fact of the observation and reference to the note- 
book should be entered. 

The evidence of the genuineness of the observations brought back 
should be of the most irre&agable cbaractei-. No erasures, whatever, 
with rubber or knile, should be made. When an entry requires correc- 
tion, the figures or words should be merely crossed by a line, and the 
correct figures written above. 

J. E. HlLGABD. 
ASTEONOMV. 

Astronomicalobservatioas, — One of thechronometers, the most valuable, 
if there is any difference, should be selected as the standard by which 
all obserx'atioDS are to be made, as far as practicable. The other 
chronomcterB should all be compare<l with this every day at the time 
of winding, and the comparisons entered in the astronomical note- 
book. 

When practicable, the altitude or zenith distance of the sun should 
be taken four times a day — morning and evening for time ; noon and 
midnight for latitude. The chronometer or watch times of tbe latitude 
observations, as well as of the time observations, should always be 
recorded. Each observation should always be repeated at least three 
times io all, to detect any mistake. 

When the moon is visible, three measures of her altitude should be 
taken about the time of her passage over each cardinal point of tme 
bearing, and the chronometer time of each altitude sboald be recorded. 

"" "it 
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Qoreliable after the first sis months, it will be oecessaiy to have reconrse 
to lunar distances. These should be measured from the suQ, in prefer- 
ence to a star, whenever it is practicable to do so. 

If a sextant is used in observation, a measure of the semi-diameter of 
the SUQ or moon should be taken everj day or two for index error. 

The observations are by no means to be pretermitted when lyiug in 
port, because they will help to correct the position of the port. 

The observations should, if convenient, be taken so near the standard 
chronometer that the observer can signal the moment of observation to 
an assistant at the chronometer, who is to note the time. If this is not 
found convenient, and a comparing watch is used, the watch-time and 
the comparison of ttie watch with the chronometer should both be care- 
fully recorded, 

The observations made by the main party should be all irtitten down 
in full in a continuous series of note-books, from which they may be 
copied in the log. Particular care should be exercised in alwaysrecording 
the place, date, and limb of sun or moon observed, and any other particu- 
lars necessary to the complete understanding of the observation. 

S. ifEWCOMB. 

Observations at uin^r quarters. — The astronomical transit instrument 
will be set up in a suitable observatory. A meridian mark should be 
established as soon as practicable, and the Instrument kept with con- 
stant care in the vertical plane passing through the mark, in order that 
all observations may be brought to bear on determining the deviation 
of that plane from the meridian of the places. The transits of circum- 
polar stars, on both sides of the Pole, and those of stars near the Equa- 
tor, should be frequently observed. 

Moon cutminatious, including the transits of both first and second 
limbs, should be observed for the determination of longitude independ- 
ently of the rates of the chronometers. Twelve transits of each limb is 
a desirable number to obtain — more, if practicable. If any occulta- 
ttouB of bright stars by the moon aie visible, they should be likewise 
observed. 

The observations for latitude will be made with the sextant and arti- 
ficial horizon, upon stars both north and south of the zenith. 

All the chronometers of the expedition should be compared daily, as 
nearly as practicable about the same time. 

Whenever a party leaves the permanent station for an exploration, 
and immediately upon its return, its chronometer should be compared 
with the standard chronometer of the station. 

Observations during sledge or boat journeys.— The iustruments to be 
taken are the small Casella theodolite, or a pocket sextant and artifidd 
horizon, one or more chronometers, and a prismatic compass, for taking 
magnetic bearings of the sun. In very high latitudes the time of the 
sun's meridian altitude is not readily determined ; it will be advisable, 
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tlierefore, to take altitudes vben the snn is near the meridiBD, as in- 
dicaled by the compass, with regard to the variations of the compafis, 
as derived from ao isogooio chart. The time whea the observatioa is 
taken will, of coarse, be noted by the chronometer. Altitudes should 
be taken in this way, both to the south and north of the zenith ; they 
will enable the traveler to obtain his latitude at once very nearly, with- 
out the more labonoas computation of the time. 

The observations for time should be taken as nearly as may be when 
the sun is at right angles to the meridian, to the east and west, the 
compass being again used to asceri;ain the proper direction. This 
method of proceeding will call for observations of altitude at or near 
the four cardinal points, or nearly six hours apart in time. 

When the party changes its place in the interval between their ob- 
servations, it is necessary to have some estimate of the distance and 
direction traveled. The ultimate mapping of the route will mainly 
depend upon the nstrouomical observations, but no pains should he 
spared to make a record every hour of the estimated distance traveled — 
by log, if afloat — of the direction of th^ route, by compass, and of bear- 
ings of distant objects, such as peaks, or marked headlands, by which 
the route may be plotted. 

In case of a few days' halt being made when a very high latitude has 
been reached, or at any time during the summer's esplorations, a 
special object of care should be .to ascei-tain the actual rate of the 
chronometers with the party. To this end, a well-defined, fixed object, 
in any direction, should be selected as a mnrk, the theodolite pointed 
on it, and the transit of the sun over its vertical observed on every day 
during the sojourn at the place. If the party he only provided with a 
sextant, then the same angular distances of the sun from a fixed object 
should be observed on successive days, the angles being chosen so as 
to be between 30° and 45°. For instance, set the sextant successively 
to 40°, to 40° 20', 40° 40', &c., and note the time when the sun's limb 
comes in contact with the object. The same distances will be found 
after twenty-four hours, with a correction for change in the sun's declin- 
ation. The sun's altitude should be observed before and after these 
observations, and its magnetic bearing should be noted, as well as that 
of the mark. The altitude of the mark should also be observed, if 
practicable, eitber with the sextant or clinometer, but this is not 
essential. J. E. Hilqabd. 

MAOMETISM. 

On the voyage and sledge-joomey, at all times when traveling, tlie 
declination or variation of the compass should be obtained by observing 
the magnetic ' bearing of the snn at least once evei? day on which the 
BUD is visible. On ship-board or in boats the azimuth compass is to be 
used ; on land the sumll theodolite will be found preferable. 

When afloat, no valuable observations of the magnetiu ^tP'PnAiff^ 
24 8 71 " -t-^^^"- 
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tmsiii/ are practicable. On tbe sledge-jonroef tbe dip-circle may be 
carried, and wben baits are made loiiger tban necessary to determine 
tbe place by astronomical observations, tbe dip and relative intensity, 
according to Lloyd's metbod, sbould be ascertained. 

At winter quarters, in addition to tbe above-mentioned observations, 
tbose of absolute horizontal inieasity shoald be made with tbe tbeodolite 
magnetometer, mcludiug tbe determination of moment of inertia. Also 
with tbe same instrument tbe absolute declination should be deter- 
mined. 

Tbe least that tbe observer should be satisfied with is the complete 
determioatioQ of the three magnetic elements, namely, declination, dip, 
and horizontal intensity. At one period, say within one week, three 
determinations of each sbonld be made. 

It is advisable that tbe same observations be repeated on three snc- 
cessive days of eacli month during tbe stay at one place ; and that on 
three days of each mouth, as the Ist, 11th, aud 2l8t, or any other days, 
tbe variation of the decUuation'magnet be read every half hour during 
the twenty-four hours; also that the magnetometer, or at least a tbeo- 
dolite with compass, remain mounted at all times, that tbe variatioa of 
the needle may be obser\'ed as often as practifsable, aud es^iecially when 
unusual displays of aurora boreali* take place. 

lu all cases the time, which forms an essential part of the record, should 
be carefully noted. 

Mot long before starting on a sledge Journey from a winter station, 
and soon atter returning, tbe observations with the loaded dipping 
needles for relative intensity should be repeated, in order to have a 
trustworthy comparison for the observations which have been made ou 
tbe journey. 

FOEOE OF GEATITT. 

As the long winter affords ample leisure, pendulum experiments may 
be made to determine the force of gravity, in comparison with that at 
Washington, where observations have been made with tbe Hayes pen- 
dulum lent to tbe expedition. Tbe record of tbe Washington observa- 
tions, a copy of which is furnished, will serve as a guide in making the 
observations. Special care should be taken while tbey are in progress 
to determine the rate of tbe chronometer with great precision, by obser- 
vations of numerous stars with tbe astronomical transitinstrument, tbe 
' pointing of which on a fixed mark should be frequently verified. 

OCEAN PHYSICS. 

Depths. — Soundings sbould be taken frequently, when in moderate 

depths, at least sufSciently often to give some indication of the general 

depth of the strait or sound in which the vessel is afloat at the time. If 

an open sea be reached, it should be considered of tbe greatest imports 

*» get some measure of its depth, and since no bulky sotisding ap- 

CoojjIc 
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paratns can be carried across the ice barrier, the boat party should be 
provided with 1,000 fathoms of small twioe, marked" iu lengths of 10 
fathoms. Stoaea taken on board wben the boat is launched, uiay serve 
as weights. 

£oKom.sboDld be brought up whenever practicable, and specimens 
preserved. GircumstaBces of time and opportunity must determine 
whether a dredge can be used, or merely a apecimmcup. 

Temperature of the sea should be observed with the " Miller protect- 
ed bulb thermometer," made by Oasella, near the surface, about two 
fathoms below the surface, and near the bottom. Wlien time permits, 
observations at an intermediate depth should be taken. Tliese observa- 
tions have a particular bearing ou tbe general circulation of the ocean, 
and are of great importance. 

Tides. — Observations of high and low water, as to time and height, 
should be made coutiimously at winter quarters. Tbe methoil adopted 
by Dr. Hayes is recommended. It consists of a graduated staff an- 
chored to the bottom, directly under tbe " ice-hole," by a mushroom- 
anchor, or heavy stone and achain, which i»keptstretcbed byaconnter- 
weigbt attached to a rope that passes over a pully rigged overhead. 
The readings are taken by the height of tbe water in the " ice-hole." 
In the course of a few days' careful observations the periods of high 
and low water will become sufficiently well known to predict tbe turns 
approximating from day to day, and subsequently, observations taken 
every five minutes for half an hour, about the anticipated turn, will 
suffice, provided they be continued until the turn of the tide has be- 
come well marked. 

Tidal observations taken at other points, when a halt is made for 
some time, even if continued not longer than a week, will be of special 
value, as affording an indication as to the direction in which tbe tide- 
wave is progressing, and infereutially as to tbe proximity of an open sea. 
If, as the expedition proceeds, tbe tide is found to be later, the indica- 
tion is that tbe open sea is far distant, if indeed tbe channel be not 
closed. But if the tide occurs earlier, as the ship advances, the proba- 
bility is strongly in favor of tbe near approach to an open, deep sea, 
communicating directly with the Atlantic Ocean. 

In making such a comparison, attention must be paid to tbe semi- 
monthly inequality in the time of high water, which may be approxi- 
mately taken from the observations at winter quarters. Observations 
made at the same age of the moon, iu different places, may be directly 
compared. 

When tbe water is open, the tide may be observed by means of a 
graduated pole stuck into tbe bottom; or, if tbatcannot be conveniently 
done, by means of a marked line, anchored to the bottom, and floate<l 
by a ligfat buoy, the observation being taken by hauling np the line . 
taot over the anchor. 

Currewfci.— It is extremely desirable to obtain some idea of the cf^^i 
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rents in the open polar sea, if such is foaad. Ko special observatjons 
can be indicated, however, except those of the drii^ of icebergs, if any 
should be seen. 

Density. — The density of the sea-water shoald be frequently observed 
with delicate hydrometers, giving direct indications to the foui-th deci- 
mal. Whenever practicable, water shoald be brought up from di^rent 
depths, and its density tested. The specimens should be preserved in 
carefullysealed bottles, with a view to the sabseqoent determination of 
their mineral contents. 

J. E. HlLOABD. 
METEOBOLOGY. 

The expedition is well supplied with meteorological instmments, all 
the standards, with the exception of the mercurial barometers, manu- 
factured by Casella, and compared with the standards of the Kew Ob- 
servatory under the direction of Professor Balfonr Stewart. Dr. Bes- 
sels is so familiar with tlie use of instruments, and so well acquainted 
with the priaciples of meteorology, that minute instructions are unne- 
cessary. We shall therefore merely call attention, by way of remem- 
brance, to the several points worthy of special notice. 

Temperature. — The registers of the temperature, as well as of the 
barometer, direction of the wiud, and moisture of the atmosphere should^ 
in all cases in which it is possible, be made hourly, and when that can- 
not be done they should be made at intervals of two, three, four, or six 
houra The temperature of the water of the ocean, as well as of the 
air, should be taken during the sailing of the vessel. 

The minimum temperature of the ice, while iu winter quarters, shonid 
be noted ih>m time to time, i>erliaps at dift^rent depths ; also that of the 
water beneath. 

The temperature of the black-bulb thermometer in vacuo exposed to 
the sun, and also that of the black bulb free to the air, should be fre- 
quently observed while the sun is on the meridian, and at given alti- 
tudes in the forenoon and afternoon, and these observations compared 
with those of the ordinary thermometer in the shade. 

Experiments should also be made with a thermometer in the focus of 
the silvered mirror, the face of which is directed to the sky. For this 
purpose the ordinary black-bulb thermometer may be used as well as 
the naked-bulb thermometer. The thermometer thus placed will gen- 
erally indicate a lower temperature than one freely exposed to radiation 
from the ground and terrestrial objects, and in case of isolated clouds 
will probably serve to indicate those which are colder and perhaps 
higher. 

Comparison may also be made between the temperature at different 
distances above the earth, by suspending thermometers on a spar at 
different heights. 

The temperature of deep soundings should be taken mth, ithe ihet- 
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mometer with a guard to obviate tlie pressure of the water. As the 
teadencj, on account of the revolution of the earth, is constantly to 
deflect all cnrreiits to the right hand of the observer looking down 
stream, the variations iu temperature in connection with this fact may 
ser^'e to assist iu iudicating the existence, source, and direction of cur- 
rente. 

The depth of frost should be ascertained, and also, if possible, the 
point of invariable temperature. For this purpose augers and drills 
with long stems for boring deeply should be provided. 

Pressure of air. — A series of comparative observations should be 
made of the indications of the mercurial and aneroid barometers. The 
latter will be affected by the variation of gravity as well as of temper- 
ature, while the former will require a correction due only to heat and 
capillarity. 

As it is known that the normal height of the barometer varies iu dif- 
ferent latitudes, accurate observations iu the Arctic regions with this 
instrument are very desirable, especially in connection with observa- 
tions on the moisture of the atmosphere, since, to the small quantity of 
this in northern latitudes the low barometer which is obser\'ed there 
has been attributed. 1 think, however, it will be found that the true 
cause is iu the rotation of the earth ou its axis, which, if sufficiently^ 
rapid, would project all the air from the pole. 

In the latitude of about 00 there is a belt around the earih iu which 
the barometer stands unusually high, and in which violent fluctuations 
occur. This will probably be exhibited iu the projection of the curve 
represeuting the normal height of the barometrical column in different 
latitudes. 

Moisture. — The two instruments for determining the moisture in the 
air are the wet and dry-bulb thermometer, and the dew-point instru- 
ment, as iuiprove<l by Regoault. But to determine the exact quantity 
in the atmosphere in the Arctic regions will require the use of an aspi- 
rator, by whii;h a given quantity of air can be i)as8ed through an ab- 
sorbing substance, Hucb as chloride of calcium, and the increase of 
weight accurately ascertained. It may, however, be reailily shown that 
the' amount is very small in still air. 

A wind from a more southern latitude will increase the moisture, and 
may give rise to fogs. Sometimes, from openings iu the ice, vapor may 
be exhaled from water of a higher temperature than the air, and be 
immediately precipitated into fog. 

The inconvenience which is felt from the moisture which exhales with 
the breath in the bold of the vessel may, perhaps, be obviated by adopt- 
ing the ingenious expedient of one of the Arctic voyagers, viz, by 
making a number of holes through the deck and inverting over them a 
large metallic vessel like a pot. Tlie exterior of this vessel beiug ex- 
pose^l to the low temperature of the air without would condense the 
moisture from within ou its interior surface, and thus serve, ou the 
principle of the diffusion of raimr, to desiccate the air below. 
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The TariatioB of moistare ia tlie atmosphere perfonne a very im- 
portant part Id all the meteorological changes. Its effects, however, 
are probably less marked in the Arctic regions than in more soatheru 
latitudes. The first effect of the introduction into the atmosphere of 
moisture is to expand the air and to diminish its weight ; bat after an 
equilibrium has taken place, it exists, as it were, aa an independent 
atmosphere, and thus iucreases the pressure. These opposite effects 
render the phenomena exceedingly complex- 
Wind*. — As to these the following observations are to be regularly 
and carefully registered, namely: The average velocity at> iadicated by 
Bobinson's anemometer j the hour at which any remarkable chapge 
takes place in their direction ; the course of their veering; the exist- 
ence at the same time of currents in different directions as iudicated 
by the clouds ; the time of beginning and ending of hot or cold winds, 
and the direction from which they come. Observations on the force 
and direction of the wind are very important. The form of the wind- 
vane should be that of which the feather part consists of two planer 
forming between them an angle of about 10°. The sensibility of this 
instrument, provided its weight be not too much increased, is iu pro- 
portion to the surface of the feather planes. Great care must be taken 
to enter the direction of the wind from the true meridian, whenever 
this cau be obtained, and in all cases to indicate whether the entries 
refer to the tme or magnetic north. Much uncertainty has arisen on 
acconnt of the neglect of this precaution. 

In accordance with the results obtained by Professor Coffin, in bis 
work on the resultant direction of the wind, there are In the northern 
hemisphere three systems roughly corresponding with the different 
zones, viz, the tropical, in which the resultant motion is toward the 
west, the temperate, toward the east, and the Arctic, in which it is 
again toward the west. 

In the discussion of all the observations the variation of the tempera- 
tare and the moisture will appear iu thdr connection with the direction 
of the wind. Hence the importance of simnltaneous observations on 
these elements, and also on the atmospheric pressure. 

Precipitation. — The expedition will be furnished with a number of 
raiu-gauges, the contents of which should be measured after each shower. 
By inverting and pressing them downward into the snow, and subse- 
quently ascertaining, by melting in the same vessel the amountof water 
produced, they will serve to give the precipitation of water iu the form 
of snow. The depth of snow can be measured by an ordinary mensuriug- 
rod. Much difficulty, however, is sometimes experienced in obtaining 
the depth of snow on account of its drifting, and it is sometimes not 
easy to distingnisb whether snow is actually falling or merely being 
driven by the wind. 
The character of the snow should be noted, whether it is in small 
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rounded masses, or in regular crystals; also the conditions nuder which 
these different forms are produced. 

Tbe form and weight of hailstones should be noted, whether consist- 
ing of alt<;mat« strata, the number of which is importaot, of flocculeut 
snow, or solid ice, or agglutinations of angular crystals, whether of a 
Bpherical form, or that of an oblate spheroid. 

The color of the snow should be observed in order to detect any 
organism which it may contaio, and also any sediment which may re- 
main after evaporation, whether of earthy or vegetable matter. 

Clouds. — The character of the clouds should he described, and the 
direction of motion of the lower and higher ones registered at the 
timea prescribed for the other observations. 3ince the expedition is 
well supplied with photographic apparatus, frequent views of the 
clouds and of the general aspect of the sky should be taken. 

Aurora. — Every phase of the aurora borealis will of course be re- 
corded ; also the exact time of first appearance of the meteor, when it 
assumes the form of au arch or a corona, and when any important 
change iu its general aspect takes place. The magnetic bearing of the 
crown of the arch, and its altitude at a giveu time, should be taken ; 
also, if it moves to the south of the observer, the time when it passes 
the zenith should be noted. The time and position of a corona are 
very important. 

Two distinct arches have sometimes been seen coexisting — one in the 
east and the other in the west. In such an esbibition the position and 
crown of each arch should be determined. Drawings of the aurora, 
with colored crayons, are very desirable. In lower latitudes a dark 
segment is usually observed beneath the arch, the occurrence of which, 
and the degree of darkness, should be registered. It also sometimes 
happens that a sudden precipitation of moisture in the form of a hazi- 
ness is observed to cover the face of the sky during the shooting of the 
beams of the aurora. Any appearance of this kind is worthy of atten- 
tion. 

Wave motions ace sometimes observed, and it would be interesting to 
note whether these are from east to west or in the contrary direction, 
and whether they have any relation to the direction of the wind at the 
time. The colors of the beams and the order of their changes may be 
important iu forming a theory of the cause of the phenomena. Any 
similarity of appearance to the phenomena exhibited in Geissler's tubes 
should be noted, especially whether there is anything like stratification. 

The aurora should be frequently examined by the spectroscope, and 
the bright lines which may be seen carefblly compared with one of 
Eirchoffa maps of the solar spectrum. 

To settle the question as to tbe fluorescence of the aurora and its con- 
sequent connection with the electric discharge, a cone of light reflected 
from the silver-plated mirror should l>e thrown on a piece of white paper, 
on which characters have beeu traced with a brush dipped iu sulphate 
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of gniniDe. By thus condenaing the light on the paper, any fluores- 
cense which the ray may coutaia will l>e indicated by the appearance of 
tbc previously iuvisible characters io a greeu color. 

Careful observations should be made to ascertaia whether the aurora 
ever appears over ao expanse of thicli ice, or only over laud or open 
water, ice being a iion-conductor of electricity. 

The question whether the aurora is ever accompaDied with a noise has 
often been agitated, but not yet apparently definitely settled. Atteu- 
tioo should be given to this point, and perhaps the result may be 
rendered more definite by the nse of two ear-trumpets, one applied to each 
ear. 

According to Hansteen, the aurora consists of Inminons beams, par- 
allel to the dipping needle, whiuh at the time of the formation of the 
corona are shooting up on all sides of the observer, and also the lower por- 
tions of these beams are gcnernlly invisible. It is, therefore, interestiug 
to observe whether the auroral beams are ever interi)o8ed between the 
observe;[ and a distant monntaia or cloud, especially when looking 
either to the east or west. 

The effect of the aurora ou the magnetism of 'tbe earth will be ob- 
served by abnormal motion of the magnetic instruments for obsernog 
the declination, inclination, and intensity. This effect, however, may 
be more strikingly exhibited by means of a galvanometer, inserted near 
one end of a long insulated wire extended in a straight line, the two 
extremities of which are connected with platesof metal plunged iu the 
water, it may be through holes*iu the ice, or immediately conuected 
with the gronud. 

To ascertain whether the effect on the needle is due to an electricid 
current in the earth, or to au inductive action from without, pertuips tbe 
following variation of the preceding arrangement would serve to give 
some indication. Instead of terminating the wire in a plate of metal, 
plungetl in the water, let each end be terminated in a large metallic in- 
sulated surface, such, for example, as a large wooden disk, rounded at 
the edges and covered with tin-foil. If the action be purely inductive, 
the needle of the galvanometer inserted, say near one end of the wire, 
would probably indicate a momentary current in one direction, and an- 
other iu the opposite, at the moment of the cessation of theactiou. For 
tbe purpose of carrying out this investigntion the Smithsonian Institu- 
tion has furnished tbe expedition with two reels of covered wire, each a 
mile in length, one of which is to be stretched in tbe direction, )>erhap(s 
of the magnetic meridian, and the other at right angles to it. It would 
be well, however, to observe the effect with the wires iu various direc- 
tions, or united in one continuous length. 

ElectritAty. — From the small amount of moisture in the atmosphere, 
and the consequent iusulatiug capacity of tbe latter, ail disturbances of 
the electrical equilibrium will be seen in the frequent production of 
light and sparks on the friction and agitation of all iMirtially uon ooo- 
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ducting siibstsnces. Any nnnsual occarrences of this kind, snch as 
electrical discharges from pointed rods, from tlie ends of spars, or from 
the fingers of the observer, shonld be recorded. 

A regular series of observations should be raa^le on the character 
and intensity of the electricity of the atmosphere by rae^ns of ttn elec- 
trometer, furnished with a polished, insulated, metallic ball, several 
inches in diameter, and two piles of Deluc to indicate the character of 
the electricity, whether -|- or — ; and also supplied with a scale to 
measure by the divergency of a needle the degree of intensity. This 
instrument can be osert either to indicate the electricity of the air by 
induction or by condaction. In the first case it is only necessary to 
elevate it above a normal plane by means of a flight of steps, say eight 
or ten feet, to touch the ball at this elevation and again to restore it to 
its firat position, wheu it will be found charged with electricity of the 
same character as that of the air. Or the bull may be brought in con- 
tact with the lower end of an insulated metallic wire, to the upper end 
of which is attached a lighted piece of twisted paper which has been 
dried after previous saturation in a solution of nitrate of lead. 

Thunder-s tonus are rare in the Arctic regions, although tbey sometimes 
occur; and in this case it is important to observe the point in the hori- 
zon in which the storm-cloud arises; also the direction of the wind dur- 
ing the passage of the storm over the place of the observer ; and also 
the character of the lightuing — whether zigzag, ramified, or direct ; also 
its direction — whether from cloud to cloud, or from a cloud to the earth. 

Optical phenomcTia. — Mirage should «lways be noted, as it serves to 
indicate the iiosition of strata of greater or less density, which may be 
produced by open water, as in the case of lateral mirage, or by a cur- 
rent of wind or warmer air along the surface. 

The polarization of the light of the sky can be observed by means of 
a polariscope, consisting of a plate of tourmaline with a slice of Ice- 
land spar, or a crjstal of niter cut at right angles to its optical axis, on 
the side farthest from the eye. With this simple instrument the fact 
of polarization is readily detected, as well as the plane in wluch it is 
exhibited. 

Halos, parhelia, coronte, luminous aiches, and glories should all be 
noted, both as to time of appearance and any peculiarity of condition 
of the atmosphere. Some of these phenomena have been seen on the 
surface of the ice by the reflection of the sun's beams, from a surface 
on which crystals had been formed by the freezing of a fog simultane- 
ously ^ith a similar appearance in the sky, the former being a continii- 
atiou, as it were, and not a letlectiou of the latter. 

In the latitude of W^ashington, immediately after the sun has sunk 
below the western horizon, there frequently appear faint parallel bands 
of colors just above the eastern horizon, which may very possibly be 
due to the dispersion of the light by the convex form of the atmosphere, 
and also, at some times, slightly colored beams crossing the heavens 
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like meridians, and coDverging to a point in the eastern liorizon. Any 
appearance of thia kind should be carefully noted and described. 

Meteors. — Shooting-stars and meteors of all kinds should be observed 
with the spectroscope. The direction aud length of their motion should 
be traced on star-maps, and especial attention should be given at 
the stated x>eriod8 in August and November. A remarkable disturb- 
ance of the aurora has been seen during the passage of a meteor 
through its beams. Any phenomenon of this kind should be miuut«ly 
descrihed. 

Ozojie. — The erpedition is furnished with a quantity of ozone test 
paper, observations with which can only be rendered comparable by pro- 
jecting against the sensitized paper a given quantity of atmospheric 
air. For this purpose an aspirator should be used, which may be made 
by fastening together two small casks, one of which is filled with water,- 
with their ases parallel, by means of a piece of plank nailed across the 
beads, through the middle of which is passed an iron axis on which the 
two casks may be made to revolve, and the full cask may rejidilj' be 
placed above the empty, so that its contents may gradually descend 
into the latter. During the running of the water from the upper 
cask, an equal quantity of air is drawn through a small at^utage 
into a closed vessel, aud made to impinge upon the test-paper. The 
vessel containing the test-paper should be united with the aspirator by 
means of an India-rubber tube, 

Mwcellaneous. — The conduction of sound during still weather, through 
the air over the ice, through the ice itself, and through tlie water, may 
be studied. 

Evaporation of snow, ice, and water may be measured by a balance, 
of which the pan is of a given dimension. 

Experiments on the resistance of water to freezing in a confined space 
at a lew temperature, may be made with small bomb-shells closed with 
screw-plugs of iron. The fact of the liquidity of the water at a very low 
temperature may be determined by the percussion of a small iron bullet, 
or by simply inverting the shell, when the ball, ^f the Uqnid remaius 
anfrozen, will be fonnd at the lowest point. It might be better, how- 
ever, to employ vessels of wrought iron especially prepared for the pur- 
pose, since the porosity of cast-iron is such that the water will be forced 
tbrongU the pores, e. g., the lower end of a gun-barrel, which, Irom the 
smaUuess of its diameter, will sustain au immense pressure, and throngh 
which the percussion of the inclosed bullet may be more readily heard. 
Water, in a thin metallic vessel, exposed on all sides to the coldf some- 
times gives rise to hollow crystals of a remarkable shape and size, pro- 
jecting above the level surface of the water, and exhibits phenomeua 
worthy of study. 

Ex])eriments may be made on regelatioo, the plasticity of ice, the con- 
solidation of snow into ice, the expansion of ico, its conducting power 
for heat, and the various forms of its crystallization. The effect of in- 
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tense cold should be studied on potassiam, sodinm, aod other aubstances, 
especially in relation to their oxidation. 

The melting point of mercury should be observed, particularly as a 
meaus of correcting the graduation of thermometers at low temperatures. 
The resistance to freezing of minute drops of mercary, as has been 
stated, should be tested. 

Facts loug observed, when studied under new conditions, scarcely 
ever fail to yield new and interesting results. 

Joseph Henby. 

MATDttAI, HISTOET, 

Objects of Dataral history of all kinds should be collected, and in as 
large numbers as possible. For this purpose all on board the vessel, 
both officers and sailors, should he required to collect, upon every favor- 
able opportunity, and to deliver the specimens obtained to those ap- 
pointed to have charge of them. 

Zoology. — The terrestrial mammals of Greenland are pretty well known^ 
but it is still desirable that a series, as complete as possible, of the skins 
should be preserved, great care being taken to always indicate upon the 
label to be attached the se^, and probable age, as well as the locality 
and date of capture. The skeleton, and, when it is not possible to get 
this complete, any detached bones, particularly the skull and attached 
cervical vertebrie, are very desirable. Interesting soft parts, especially 
the brain, and also embryos, are very important. If it should be con- 
sidered necessary to reitord measurements, they should be taken from 
specimens recently killed. 

Of walruses and seals, there should be collected as many skeletons as 
possible, of old aod young individuals ; also skins, especially of the seals. 
Notes should be made regarding the habits in general, food, period of 
copulation, duration of gestation and time of migration, it beiug desira- 
ble to find oat whether their migrations are iieriodieal. 

Of the Vetaeea, when these are too large to he taken on board the 
vessel, the skull and cervical vertebraa, the bones of the extremities and 
penis, and whatever else may be deemed worthy of preservation, should 
be secured. All the animals should be examined for ecto and ento par- 
asites, and the means by which they become affixed to the animals 
noted. 

Collect carefully the species of Myodes [lemmings,} Aretomyg and Arvi- 
cola, so as to determine the variations with locality and season. The 
nalationsbip of two kinds of foxes, the blue and white, should be studied 
to determine their specific or other relationship. Any brown bears 
shonid be carefully coUectdd, both skin and skeleton, to determine 
whether identical or not with the Old World Ursws arctoa. 

Beference has already been made to the seals and cetaceans ; of these 
the Phoca cristata, the white whale, (Bdnga,} and the Mojiodon are par- 
Hcularly desired. , - , 
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What has been said in regard to the mammals will apply eqnally veil 
to the birds, skiDs and skeletons being equally desirable. It is espe- 
cially important that the/fe#A colors of the bill, cere, gums, eyes, and feet 
or caruncles, or bare skin, if there be any, should be noted, as the colora 
of these parts all change after tlie preparation of a specimen. 

Of birds, the smaller land species are of the greatest interest, and com- 
plete series of them should be gathered. The northern range of the in- 
eectivorous species should be especially inquired into. The arctic falcons 
should be collected in all their varieties, to ascertain whether there are 
two forms, a brown and white, distinct through life, or whether one 
changes with age into the other. 

, Inqnir.^ should he directed to the occurrence of BernieUi leucoptU, 
Anser daereus, or other large gray geese, and the Camptot(r>ttiis Labra- 
dora, and a large number of specimens, of the latter especially, should 
be obtained. Indeed the geese and ducka generally should Ibriu sub- 
jects of si>ecial examination. Among the Xaricbc the most importaut 
species is the Lams romi or likodostethia rosea, scarcely known in col- 
lections. A large nuinber of skins and of eggs will be a valuable ac- 
quisition. Larua cbumevs is also worthy of being collected. The Alcidte 
should be carefully examined for any new forms, and inquiries directed 
in regard to the Alca impennis. 

Of all birds' eggs an ample store should be gathered, and the skel- 
etons of the Arctic raptorea and A'atatorea generally. 

It will be a matter of much importance to ascertain what is the ex- 
treme northern range of the continental species of birds, and whether, 
iu the highest latitudes, the European forms known to occur in Green- 
land cross Baffin's Bay. 

Bggs and uests of birds, in as large nnmbers as possible, should be 
procured, great care being taken, however, in all cases, to identify them 
by the parents, which may be shot, and some portion, if not all of them, 
preserved, if not recognized by the collector. All the eggs of oue set 
should be marked with the Siimc number, that they may not be sepa- 
rated ; the parent bird, if collected, likewise receiving the same number. 
It should also be stated, if known, how long the eggs have beeti set 
upon, as incubation influeuees very much their color; the situation of 
the nest also is very importaut. Notes on the manner of nesting, local- 
ities selected, and other peculiarities of breeding, should be carefully 
kept; whether they are i>olygamous, whether there ai* struggles be- 
tween the males, aud the manner in which the old birds feed their 
young; and whether these lemain helpless in the nest for a given time, 
or whether they accompany the parents from birth. A journal of the 
arrival and departure of the migratory species should also be kept, to 
find out whether those which leave latest return earliest, and vice rena. 

Of fishes that are obtained, the best specimens should be photo- 
graphed, the fresh colors noted, and then they should be preserved in 
alcohol or carbolic acid. 
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Among the flsbes the SalmonuUe, CottidtE, Qadidce and Clupeida, vrill 
be of the most interest, and good series ahoiUd be secured. 

The terrestrial inferior animals should be all collected, each class iu 
its appropriate way. 

Try to get larvfe of insects, and observe their life, whether they are 
well adapted to their* surroundings ; for in proportion to the insects are 
the number of insectivorous animals, and for that reason the struggle 
for life would be more energetic, aud therefore only those insects which 
are best adapted to the conditions will survive. 

Inferior marine auimals are usuiilly collected by two methods, viz, 
Trith a pelagic net and by a dredge. Both these methods should be 
employed whenever practicable. Especial attention should be paid to 
tbe larviB, of which sketches should be made. The results of the dredg- 
ing should be noted in blanks printed for this purpose, the specimens 
to be preserved as their constitution requires. Muller's liquor, glycer- 
iue, solution of alcohol and sugar, &c 

It would be of peculiar interest to study the several deep regions, 
admitted by Forbes and others, to ascertain if in tbe Arctic regions the 
intensity of color increases with the depth, as has bceu stated to be the 
case with red and violet, which, if true, would be just the contrarj' to 
what is observed in tbe temperate and tropical regions. 

Of shells two sets should be preserved, oue dry and the other with the 
animal, iu alcohol; the dry shell is necessary from the fact that the 
alcohol, by the acetic acid produced, is apt to destroy tbe color. 

It is particularly important to get as full a series as possible of tlie 
members of the smaller families, with a view to the preparation of mono- 
graphs. 

There should be paid as much attention as possible to the fauna of 
fresh-water lakes, to ascertain whether they contain marine forms, as 
has been found to be the case with some of those in Forth America, 
Scandinavia, Italy, and other countries. From this, important conclu- 
sions regarding the rising of the coiist may be arrived at. 

Botany. — Plants are to be collected in two ways. Of each species 
some si>ecimens should be put in alcohol to serve for studying the anat- 
omy J the others to be dried between sheets of blotting-paper. The 
locuUty of each specimen shonld be noted, also its situation, the char- 
acter of the soil and height above the sea, the season, and whether there 
is hcUotrapiamus, &c., &c. In the geueral notes there should be remarks 
on the horizontal and vertical distribution. 

8. r. Baibd. 



The most important point in the collectiou of geolo^cal specimens — 
whether they consist of rocks, minerals, or fossils — is, that on breaking 
or digging them from the matrix or bed, each Individual specimen should 
be carefully wrapped separately in pliable but strong paper, with a label 
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dosignatiog tbe exact locality from which it was obtaiaed. If two or 
more beds of rock (sandstone, limestone, clay, marl, or other material) 
occur at the locality from which siiecimens are takeo, the label should 
also liave a Dumber on it correspondiug td the particular bed ia which 
it was found, as designated in a section made on the spot iti a note-book. 
This should bo done in order that the specimens from each bed may be 
separated from those found in others, whether the beds are separable 
by differences of composition, or by differences in the groups of fossils 
found in each ; and it is, moreover, olten important that this care shoold 
be observed, even when one or more of the beds are of inconsiderable 
thickness, if such beds are characterized by peculiar fossils. For in 
such cases it often happens that what may he a mere seam at one place 
may represent an important formation at another. 

Specimens taken directly from rocks in place are, of course, usu- 
ally more inutructive than those found loose j but it often happens that 
much better specimens of fossils can be found already weathered out, 
and lying detached about an outcrop of hiiril rock, thau cau be 
broken from it. These can generally be referred to their place in the 
section noted at the locality, by adhering portions of the matrix, or from 
finding mote or less perfect examples of the same species in the beds in 
place ; hot it is usually the better plan to note on the labels of such 
specimens that they were found loose, especially if there are any evi- 
dences that they may have been transported from some other locaUty 
by drift agencies. 

All exposures of rocks, and especially those of limestone, should be 
carefully examined for fossils, for it often happens that bard limestones 
and other roclis that show no traces of organic reniainson the natural 
surfaces, (covered, as they often are, with lichens and mosses,) will be 
found to contain fossils when broken into. In cases where fossils are 
found to exist in a hard rock, if time and other circumstances permit, 
it is desirable that it should be vigorously broken with a heavy hammer 
provided for that purpose, and as many specimens of the fossils as pos- 
sible (or as the means of transportation will permit) should be col- 
lected, k 

Fossils from rocks of all ages will, of course, be interesting and in- 
structive, but it is particularly desirable that organic remains found in 
the later tertiary and quarternary formations of these high northern 
latitudes, if any snch exist there, should be collected. These, wbet lier of 
animals or plants, would throw much light on the question respecting 
the climatic conditions of the {>olar regions at, or just preceding, the 
advent of man. 

Specimens illnstratiug the lithological character of all the rocks ob- 
served in each district explored should also be collected, as well as of the 
organic remains found in fossiliferous beds; also all kinds of minerals. 
Those of rocks and amorphous minerals should be trimmed tA as nearly 
the same size and form as can conveniently he done — say 3 by 4 inches 
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wide and long, and 1^ inches ia thicknesa. Crystalline minerals ougbt, 
of course, to be broken from the matrix, rather with the vivw of pte- 
serviQjT the crystals as far as possible, than witti regard to the size or 
form of the band specimens; and the same remark applies eqaally to 
fossils. 

On an overland journey the circumstances may not always be each as 
to allow the necessary time to wrap carefully and label specimens on the 
spot where they were collected ; but in such cases numbers or some other 
marks shonld be scratched with the point of a knife, or other bard- 
pointed instrument, on each, by means of which the specimens collected 
at different times and places duiing the march can be correctly sepa- 
rated, labeled, and wrapped when the party stops for rest. 

All specimens should be packed tightly in boxes as soon aa enough 
have been collected to fill a box, and a label should be attached to each 
box indicating the particular district of coontry in which the collections 
were obtained. Por this purpose empty provision boxes or packages' 
can generally be ased. 

In examining sections or exposures of rocks along a shore or else- 
where, it is a good plan to make a rough sketch iu a note-book, thus : 
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Then od the same or following pages, more particular descriptions of 
the nature and composition of the several beds should be written, re- 
ferring to each by its number. Sections of this kind should be num- 
bered 1, 2, 3, and so ou, in the order iu which they were observed, and 
th^ specimens from each bed ought also to be numbered on its label so 
as to correspond. That is, specimens from the lowest bed of the first 
section should be, for instance, inarked thus: "Section No. I, bed No. 
1," and so on. The name of the locality, however, should also, as 
already suggested, be written on the labels as a provision against the 
possible toss of note-books. 

It generally happens that an ontcrop will show only a part of the 
beds of which it is composed, thus: 
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lu such a case the facts should be noted exactly as seen, 'without any 
attempt to gaeaa at the nature of the material that may fill the unex- 
posed places ; but, generally, by comparing different sections of this 
kind taken in the same region, the entire structure of a district may be 
made out. 

The dip and strike of strata should also be carefully observed and 
noted, as well as the occurrence of dikes or other oathursta of igneous 
rocks, and the effects of the latter on the contiguous strata. 

All ex'idences of the elevation or sinking of coasts uhould likewise be 
carefully observed and noted. 

Especial attention should be given to glacial phenomena of every 
kind, snch as the formation, size, movements, &c., of existing glaciers, 
their abrading and other effects upon the snbjiieeut rocks, their forma- 
tion of moraines, &c. ; also, the formation, extent, and movements of 
icebergs, and their power of transporting masses of rock, &c. 

At Cape Frazer, between latitude 5(P north and longitude 7<K> west. 
Dr. Hayes found some upper silurian fos-sils in a hard gray limestone. 
This rock doubtless has a rather wide extension in the country referred 
to, as other exjilorers have brought Silurian fossils from several localities 
farther southward and westward in this distant northern region. Should 
the party visit the locality from which Dr. Hayes collected his specimens, 
it is desirable that as complete a collection as possible should be ob- 
tained, as most of those found by Dr. Hayes were lost. 

For making geological observations, and collecting geological speci- 
mens, very few instruments are required. For determining the elevations 
of mountaius, and the general altitude of the country, a barometer is 
sufficiently accurate. For local elevations of less extent a pocketrlevel 
(Locke's) should be provided. Tape-lines are also useful for measuring 
vertical outcrops, and other purposes; and a good pocket-compass is 
indispensable. The latter shonld have a clinometer attached. 

A good supply of well-tempered cast-steel hammers should also be 
provided. They should be of ^'arious sizes and forms, and ought to be 
made with liirge enough eyes to receive stout handles, of which a good 
number, made of well-seasoned hickory, should be prepared. Chisels 
of different sizes should also be prepared of well-tempered steel. 

A pouch of leather or stout canvas, with a strap to pass over tbe 
shoulder, will be foand useful to carry specimens for short distances. 

F. B. Meee. 
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The progress of oar kuowledge of glaciers has disclosed two sides of 
he subject entirely discoonected with one aoother, and reqoiriDg dif- 
erent means of mvestigation. The stady of the strncture of glaciers as 
hey exist now, and the phenomena connected with their formation, 
naiatenance, and movement, constitute now an extensive chapter in the 
(hysics of the globe. On the other hand, it has been ascertained that 
glaciers bad a much wider range during an earlier but nevertheless 
comparatively recent geological period, and hare produced dnring that 
period phenomena which, for a long time, were ascribed to other agencies, 
in any investigation of glaciers now-a-days, the student shoald keep in 
mind diKtiactly these two sides of the subject. He ought also to remem- 
her at the outset what is now no longer a mooted point — that, at differ- 
ent times daring the glacial period, the accumulations of ice covering 
larger or smaller areas of the earth's surface have had an ever-varjing 
extension, and that whatever facts are observed, their value will be 
increased in proportion as the chronological element is kept iu view. 

From the physical point of view, the Arctic expedition, under the 
commuDd of Captain Hall, may render science great service should Dr. 
Besscls have an opportunity of comparing the present accumulations of 
iee in the Aretic regions with what is known of the glaciers of the Alps 
and other mountainous regions. In the Alps the glaciers are fed from 
troughs in the higher regions, in which saovr accumulates during the 
i^UoIe year, but more largely daring winter, and by a succession of 
changes is gradually transformed into harder and harder ice, moving 
ilown to lower regions where glaciers never could have been formed. 
The snow-hke accomnlations of the upper regions are the materials out 
of which the compact transparent brittle ice of the lower glaciers is 
made. Whatever snow falls npon the glaciers in their lower range 
during winter, melts away dnring summer, and the glacier is chiefly fed 
from above and wastes away below. The water arising fh>m the melt- 
ing of the snow at the surface contributes only indirectly to the internal 
economy of the glacier. It would be superfluous here to rehearse what 
is known of the internal 'Structure of glaciers and of their movement ; it 
may he found in any treatise on glaciers. Nor wonid it be of any avail to 
discuss the value of conflicting views concerning their motion. Suffice 
it to say that an Arctic explorer may add greatly to our knowledge by 
stating distinctly to what extent the winter snow, falling upon the sur- 
face of the great glacial fields of the Arctic, melts away during summer 
and leaves bare an old icy surface, covered with fragments of rock, sand, 
dust, &c. Such an inquiry will teach us in what way the great masses 
of ice which pour into the Aretic Ocean are formed, and how the supply 
that empties annually into the Atlantic is replenished. If the winter 
snows do not melt entirely in the lower part of the Aretic glaciers during 
summer, these glaciers must exhibit a much more regular stratification 
than the Alpine glaciers, and the successive falls of snow mnsCin them 
25 s 71 i^.OtV^K 
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be indicated more diBtiuctly by layers of sand and dast tbao iu those of 
the Alps by the dirt bands. Observations concerning the amonnt of 
waste of the glaciers by evaporation or melting, or what I have called 
ai>latio>i of the surface during a given time in different parts of the year, 
would also be of great interest as bearing npon the bygrometric con- 
dition of the atmosphere. A pole sunk sufficiently deep into the ice to 
withstand the effects of the wind could be nsed as a meter. But it 
ought to be sunk so deep that it will serve for a period of many months, 
and rise high enough not to be buried by a snow-storm. It should also 
be ascertained, if possible, whether water oozes from below the glacier, 
or, in other words, whether the glacier is frozen to the ground or sepa- 
rated from it by a sheet of water. If practicable, a line of poles should 
be set out with reference to a rocky i>eak or any bare surface of rock, in 
order to determine the motion of the ice. It is a matter of deep interest 
with reference to questions connected with the former greater extension 
of glaciers, to know in what manner flat sheets of ice move on even 
ground, exhibiting no marked slope. It may be possible to ascertain, 
after a certain time, by the change of position of poles sunk in the ice, 
whether the motion follows the inequalities of the surface, or is deter- 
mined by the lay of the land and the exposure of the ice to the atmos- 
pheric agents, heat, moisture, wind, &c. It would be of great interest 
to ascertain whether there is any motion during the winter season, or 
whether motion takes place only during the period when water may 
trickle through the ice. The polished surfaces iu the immediate vicinity 
of glacier ice exhibit such legible signs of the direction la which the 
ice moves, that wherever ledges of rocks are exposed the scratches and 
farrows upon their surface may serve as a sure register of its progress; 
but before taking this as evidence, it should, if possible, be ascertained 
that such surfaces actually belong to the area over which the adjoiaing 
ice moves during its expansion, leaving them bare in its retreat. 

The geological agency of glaciers will no doubt receive additional 
evidence from a careful examination of this point iu the Arctic regiooR. 
A moving sheet of ice, stretching over a rocky surface, leaves such un- 
mistakable marks of its passage that rocky aiirfaces which have once 
been glaciated, if I may thus' express the peculiar action of ice upon 
rocks, viz, the planing, polishing, scratching, grooving, and furrowing 
of their surfaces, can never be mistaken for anything else, and nay 
everywhere be recognized by a practiced eye. These marks, in connec- 
tion with transported loose materials, drift, and bowlders, are unmis- 
takable evidence of the great extension which glaciers once had. Bnt 
here it is important to discriminate between two sets of facts, which 
have generally been confounded. In the proximity of existing glaciers, 
these marks and these materials have a direct relation to the present 
sheet of ice near by. It is plain, for instance, that the polished surfaces 
about the Grimsel, aud the loose materials lying between the glacicrof 
the Aar aud the Hospice, are the work of the glacier o^ the Aar wheu it 



r oS, the Aiir n 

i,Cooglc 



EXPEDITION TOWABD TUB KOETH POLE. 387 

extended beyond its present limits, and step by step its greater exten- 
sion may be traced down to Meyringen, and, iu connection with other 
glaciers from other valleys of the Bernese Oberland, it may be tracked 
aa far as Than or Berne, when the relation to the Alps becomes compli- 
cated with features indicating that the whole valley of Switzerland, 
. between the Alps and the Jura, was once occupied by ice. On the other 
hand, there are evident signs of the former presence of local glaciers iu 
the Jura, as, for instance, on the Deut de Vaulion, which mark a later 
era in the history of glaciatiou in Switzerland. Now the traces of the 
former existence of extensive sheets of ice over the continent of Korth 
America are everywhere most plainly seen, but no one haa yet nnder- 
taken to determine in what relation these glaciated surfaces of past ages 
stand to the ice-fields of the present day iu the Arctics. The scientific 
men connected with Captain Hall's expedition would render science an 
imiwrtaut service if they could notice the trend and beai-ing of all the 
glacial scratches they may observe upon denudated surfaces wherever 
they land. It would be advisable for them, if possible, to break off 
fragments of such glaciated rocks and mark with an arrow theur bear- 
ing. It would be equally important to notice how far the loose materials, 
pebbles, bowlders, &c., differ in their mineralogical character from the 
snrface on which they rest, and to what extent they are themselves 
polished, rounded, scratched, or furrowed, and also what is the natnre 
of the clay or sand which holds them together. It would be particularly 
interesting to learn how far there are angular bowlders among these 
loose materials, and what is their position with reference to the com- 
pacted drift made up of rounded, polished, and scratched pebbles and 
bowlders. Should an opportunity occur of tracing the loose materials 
of any locality to some rock in situ, at a greater or less distance, and 
the nature of the materials should le-ave uo doubt of their identity, this 
would afford an invaluable indication of the direction in which the loose 
materials have traveled. Any indication relating to the differences of 
level among snch materials would add to the value of the observation. 
I have purposely avoided all theoretical considerations, and only called 
attention to the facts which it is most important to ascertain, in order 
to have a statement as unbiased as possible. 

L. AoAssiz. 
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INDIAir MOUHBS KEAB FOBT WABBWOBTH, DAKOTA TKBBITOBT. 



Indian moaDds of tbe larger size were probably designed aa ceme- 
teries. Tbey are located generally od a t^iirace, knoll, or elevation, at a 
convenient distance from the water. 

It lias been a custom of tbe American Indian, from time immemorial, 
to deposit tbe remains of tbe dead upon bnrial-scaffolds or snspend tbem 
from trees. At stated periods tbe bones were gathered together and 
interred. Among tbe Dakotas the custom has been, when a member of 
the tribe dies, after tbe aatumnal leaves have fallen, to deposit the re- 
mains upon a scaffold, not to be removed until the leaves have unfolded 
in spring, and if a death occur after the leaf-buds have bnrst, the re- 
mains of the dead are likewise deposited, not to be removed until the 
leaves have fallen iu autumn. When a member of the lodge of the 
" grand medicine" dies, the removal of the remains f^om the burial- 
scaffold, and their interment, is attended with a grand " medicine dance," 
and the initiation of a new member to fill the vacancy. 

A solitary mound, occupying an elevated position upon the rolling 
prairie, near the eastern shore of a beautifnl lake, was first selected for 
exploration. This site was chosen by the " moond-builders " evidently 
for its richness in those associations in which men in their primitive 
simplicity of customs especially delight. In every direction, except the 
west, as far as the eye can reach, lay stretched out the broad prairie 
of Dakota, upon which it was impossible for an enemy to lurk or a 
buffalo to range unperceived. By a gradual and almost uniform descent 
of a quarter of a mile, tbe largest of Kettle Lakes may be reached, 
abounding in fish and, at the appropriate season, water-fowl of the 
choicest variety, as game. Within a quarter of a mile of the shore is an 
island, about a mile in circumference, heavily timbered, the favorite re- 
sort of wood-ducks and cormorants during the period of incubation, 
Trees support the nests of the former in great numbers ; geese, brant, 
and swan are wont to feed here in autumn, on their journey southward. 
It seems bnt reasonable that an elevated site possessing such advan- 
tages for the living savage should be selected as the place of deposit for 
his bones, especially when we reflect that among the aborigines there 
was prevalent an almost universal belief in tbe existence of a spirit 
which had intrusted to its charge the guardianship of the remains of 
the dead ; conseqneutly, a spot the most eligible on account of the 
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beauty of its sceoery and the accessibility to game, importaut detiderata 
to the HvlDg, waa deemed the most suitable for the haunts of the 
spirits of the dead. 

The mound selected for exploration, east of Kettle Lakes, for codtcd- 
ieuce of reference, is termed No. 1. Upon and around it for several 
feet were strewn humau bones of every stage of development and of 
cither sex. The external appearance of this ancient structure bore the 
most unmistakable evidence of the purpose for which it was intended — 
a receptacle for the remains of the dead; but from this purpose it had 
been perverted by the fox of the prairie, which had burrowed within it, 
removing bones and other obstacles in the way of constructing its lair. 

The form of this mound, like others of the class, was that of the fms- 
tum of a cone, the diameter of whose base measured fifty feet, that of 
its superior plane thirty feet ; the height of the latter was three feeL 

Almost covered with earth, I found a hornblende bowlder, of an 
irregular discoidal shape, divided into two unequal sections by a veiu of 
granite three-quarters of an inch thick. This stone marked the center 
of the mound. I drew two lines in the direction of the cardinal points 
of the compass, quite across the mound, intersecting each other at this 
atone, and dividing the mound into four equal sections, which are desig- 
nated for convenience of reference as the northeast, sontheast, north- 
west, and southwest, respectively. 

I commenced digging into the northeast and southeast sections, 
removing the earth, stratum by stratum, observing and noting objects 
of interest as they appeared. In the southeast section I found within 
eighteen inches of the surf^e two incomplete skeletons lying upon tbeir 
sides, facing each other, their feet directed to the east, tbeir heads 
within six inches of each other. One of these skeletons was that of a 
male, the other that of a female ; though apparently of young persons, 
they were fully developed. The earth surrounding these was less 
compact than elsewhere found in the mound, was of a homogeneous 
character, of a dark color, and furnished no protection to the bones 
against moisture, from which I infer that the interment was intrusive, 
and made by a tribe occupying the country since the dispersion of the 
mound- builders. 

The most southern portion of the sontheast section of this mound 
was a locality of great interest ; it is designated in my invoice of con- 
tributions tx> the Museum as " locality A." 

While sinking an excavation to the depth of about four feet, the atten- 
tion of one of the party was attracted by the appearance of a small 
quantity of black, dry, pulverulent earth, which, being examined, was 
found to be in close iiroximity to some stone, between which an aper- 
ture was found large enough to receive the hand, but as fast as the hand 
was withdrawn the space was again filled with the same pulremlent 
dust. My impression was that the aperture commnnicated with the 
cavity of a vault, to obtain a view of which the BurnHindiiitt e^rth was 
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removed with great care without diatarbing the stones. This structure 
proved to be a work of rude masonry, three i'eet long, eighteen iuches 
-wide, and two and a half feet high, Inclosing a rectangular space. The 
stones used for this purpose were the undressed bowlders of the prairie, 
&om eight to twelve inches in diameter, and were sustained in posi- 
tion by earth banked around the wall externally without the appearance 
of the use of lime or mortar. 

In this were found the imperfect skeletons of a female and child, whose 
attitude would indicate the relation of the former as that of mother or 
narseto the latter. The posture of each was tbatof sitting — tbeniothcr 
npou the floor and the child u^wn her lap, supported by her right arm. 
Indian women, at the present day, in seating themselves draw their 
heels close tA their nates and bring the knees quite close to the floor, 
either upon the right or left side ; such had been the disposition of the 
lower extremities of the mother interred by the mound- builders. The 
masonry bad formed a support for the thorax of both mother and child, 
both of whom had been placed facing the east, the body of the child 
slightly inclined to the mother. The cranium of the latter had fallen to 
the pelvis; that of the former was resting procumbent ui)on the thorax. 
Amidst the black pulverulent dust with which the mound-builders were 
wont to surround the remains of their dead, upon the floor, within the 
cavity of the pelvis, and around it, I found a uumber of the bones of a 
fcetus. The lower jaw was divided at its median symphysis ; a parietal 
bone, scarcely thicker than paper, had thrown out its osseous matter 
from the parietal protuberance in radiate lines; a humerus of not a 
Soger's length, and proportionately slender and delicate, was picked up 
among other bones of this interesting locality. My Indian party having 
observed every object of interest with the closest attention, were able 
to distinguish hnman bonea from those of animals and to designate 
their places in the skeleton. One of these, struck by the analogy of the 
fcetal tiones to those of the adult, placed his hau<l upon his abdomen 
and exclaimed, " Papoose cik cUUna," (a very small infant.) 

Immediately behind the mason work above described, that is, to the 
west of it, was found a triangular space, in which was placed a number 
of bones, chiefly those of the upper and lower extremities, a few vertfr 
bne and ribs, crania, &c. ; these had been apparently thrown in promiscu- 
ously, as if from disarticnlated limbs ; those of the npper and lower 
extremities in a state of extreme flexion, probably with a view to econo- 
mize space, as though the sole object had been to preserve the bones from 
destruction and remove them from sight. The relative position of the 
porta would indicate that no trunk was entire; in one place was deposited 
the pelvis and lower extremities, without the small bones of the feet, 
in another, the lower extremities without the pelvis; in another, the 
thorax and part of the spinal column ; in another, the thorax and upper 
extremities ; here a right arm had been deposited, having t>een severed 
from the trunk at the shoulder-joint ; there a left lower extremity with 
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tbe bones of the pclris. I can only accoant for tliis separation of parts 
no. tbe supposition that, in most instances, the remains bad been gath- 
ered in for interment from buri^-scaffoldsafter manymonthsof esposmvL, 
especially since the small bones of tbe bamls and feet in almost every 
instance were wanting. Xo implements of any kind were found in this 
locality and no bones of animals except the skull of a beaver. The earth 
in part of this mound had not been disturbed by tiie inroads of animals; 
although this skull was in close proximity to a collection of human bones. 
At the time, and for months after, I was unable to acconut for the 
presence of the skull of this rodent in a human sepulchre. Upon careful 
examination of this object of interest I perceived that tbe foramen mag- 
num had been enlarged, its margin having been broken away by an 
agency directed by more intelligence than the lower animals possess 
The object, of course, bad been to extract the brain, but why extract the 
brain from tbe sknll of a beaver for deposit with tbe remains of the 
dead t No satisfactory answer to these inquiries suggested itself to me 
until by accident I obtained a bag of an ex-member of tbe "grand medi- 
cine lodge ;" this consisted of the skin of a beaver, the claws and skull 
remaining attached, the posterior waits of the latter having been re- 
moved with the soft parts. Tbe skull in question, then, was, in my 
opinion, the nndecomposed part of a medicine-bag. 

The bones in the triangular space, like tbe skeletons of the mother 
and child, were surronnded by a layer of dark pulvemleut carbonaceous 
earth, constituting a stratum of the monnd, one foot in thickness, sur- 
mounted by a layer of undressed bowlders, placed in as close proximi^ 
' as possible without cement or mortar. The saperincnmbent earth re- 
moved fixtm the layer of stones, its sides measured five, seven, and nine 
feet respectively, and running in tbe direction in the order of the above 
numbers, starting ftom the work of masonry as the sontheastcm angl«, 
west of north, south of east, and due south to the point of starting. 
The floor of tbe mound, which constituted tbe floor of the triaui^e, was 
composed of clay of a wonderful cohesive property, and so fxtiapaet that 
it could only be broken with violent blows of the pick. It bad tbe 
appearance of having been baked, and yet there were no cracks in it as 
one would expect to see, produced by shrinking during the process of 
drying ; it was quite smooth and level and bore tbe appearance of haT- 
ing been finished prior to drying with a coatiug of clay in a plastic state, 
and smoothed with the hand or some rude substitute for a trowel. While 
the exploration of this mound was being prosecuted I was present in 
person, and when an object of interest was found my attention was 
immediately called to it. Tbe earth was removed from it with great 
care, in order that its position might not be disturbed; if it was sur- 
rounded with a pulverulent earth, it was brushed away with a wisp of 
prairie-grass or a very flue brush-broom ; if the earth was compact, it 
was carefully cut away with a knife, and the object chiseled out. Sin- 
gnlfir as it may seem, only tbe southeast section of this monnd con- 



jM,Cooglc 



INDIAN MOUNDS NEAE FOET ffADBWOETH, D. T. 393 

taioed any bones or other objects of interest worthy of not©; the earth 
was removed from the remaining three sections within the circumference 
of the saperior plane of the mound perpendicularly down to the floor, 
and the margin beyond, thongh not wholly removed, was examined in 
several places. The work thus far completed, I directed several excava- 
tions, about three feet in circumference and as many deep, to be made, for 
the purpose of ascertaining tbe deejier structure of the mound. In every 
instance the material proved to be one homogeoeons mass of dry, com' 
pact clay. In one of three excavations a few feet to the sonth of the 
masonry, and about a foot and a half below the floor, was fonnd a cranium, 
which, on other bones of the same skeleton being exposed to view withdnt 
their relatious being disturbed, proved to be of an aged man. Few of 
these bones, chiefly those of the hands and feet,' were wanting ; tbe pos* 
tnre was that of sitting, with the body inclining forward and face directed 
to the east. I have seeu Indians in conncil, or absorbed in earnest 
thonght, assume a posture not unlike the one here represented. The 
thorax hadbeenslightly compressed by the superimposed mass of earth. 
On the cranium and tibia I observed several small bony tumors of an 
almost pearly whiteness and great hardness, the largest aboat tbe size 
and shape of a half of a pea. These tumors which are called in surgery 
exostoses, are most generally the result of syphilis, thongh they may be 
attributed to other causes. A fine specimen of united fractnre of one of 
the femnrs was obtained from this skeleton, showing, from the amount of 
shortening, the obliquity of the axis of the fragments, and the ill-a4)nst- 
ment of the fractured ends, how much these people stood in need of 
surgical skill. 

Tbe interment in the triangular space must have been a contemporary 
act with that of theconscractionof tbemonnd,soalso,inallprobability, 
that witliin the work of masonry, while the burial of the aged man 
beneath the moond floor, unsurrounded with pnlverulent carbouaceons 
earth, must have a date anterior to its construction. These facts ore 
predicated npon the observation of the undisturbed condition of tbe 
superior strata of clay and black snrface-mold of which the mot^d was 
composed. The habits of nomadic and uncivilized raees afford them but 
limited facilities for preparing their food ; their viands are usnally broiled 
npon the live coals and eateu with theadbereat ashes. Trituration being 
performed idmost entirely by tbe teeth, these importantorgans of diges- 
tion are worn down to a common level at an early age. The tubercles 
of tbe molars, tbe points of the easpids, and the cutting edge of the 
incisors are worn down by attrition to tbe level of one common plane. The 
teeth of tbe monnd-bailders differ not tbe least in this particular fVom 
that of modem American Indians who still adhere to their nomadic life. 

JJiimpgon's group of mounds. — On a knoll or elevation from fifty to one 
hundred feet above tbe water level, and sloping gradually to it at a 
distance of a quarter of a mile, is situated an interesting group of ten 
mounds, which for several years have borne tbe name of Hampson's 
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Moaude, id honor of Klujor Hampsou of the Tenth United States In&in- 
try, the present commander of the post, 

Of this number two are particularly conspicuous, being nearly doable 
the height of the rest and situated between them and the brow of the 
knoll ; each is in form of the frustum of a cone, the usua! shape of mounds 
in this vicinity. The measurement of the first is as follows : diameter 
of base fifty-five feet, diameter of superior plane tbirty-five feet, perpen- 
dicular height, measured on one side, four feet, and six feet on the other ; 
this difference is owing to the ground on which it is located sloping 
slightly to the lake. The measurement of the second monnd is as follows : 
diameter of base fifty feet; diameter of superior plaue, twenty feet; 
height of superior plane, five feet. 

Years ago animals have made inroads into the first of these moaods, 
cmiying out fragments of human bones; their burrows dow, however, 
are caved in, destroying its otherwise symmetrical appearance. The 
second mound was explored by mej all that portion of the mound being 
removed perpendicularly beneath the superior plane. In its center were 
found three imperfect skeletons whose crania were lyiug near together. 
They bad evidently been boried with their feet in the direction of three 
cardinal points of the compass, one to the east, one to the north, the 
third to the west, two npon their sides, the third upon its back. A fiat 
stone had formed a pillow for the three. Surrounding the bones was a 
stratum of black polveralent carbonaceous earth, whose thickness was 
twelve inches ; this was not difi'erent from the same found in Mound No. 
1, and in every sepulchral mound subsequently explored. I found in two 
or three spots of this layer an impalpable bofl-colored powder, evidently 
the remains of some decomposed wood used in interment. Some distance 
from these skeletons, and a foot above them, was found a single craniniu 
lying apon its side, beneath a few spinous processes of the vertebra of 
a buffalo. Here and there, in the upper stratum of the mound, I found 
the skulls of the musk-rat, skunk, prairie-wolf, and other small animals, 
without the other bones of the carcass; these had been most probably 
attach^ to medicine-bags. The structure of this monnd was essen- 
tially the same as that of all the sepulchral moands explored by me, 
except Ko. 1, and consisted of foar strata. The first or uppermost layer 
was three feet thick, and was composed of a black, moist, adhesive vege- 
table mold, not differing much from the surface-soil of the prairie except 
that it was a little darker in color, contained a little more moisture, and 
was more adherent to the shovel. The second layer was a foot thick, 
and consisted of a black, dry, pulverulent carbonaceous matter, in which 
human bones are usually found. The third layer was also a foot thick, 
and consisted of a siliceous loam. The fourth layer was a concrete com- 
posed of grave) and lime, and varied in thickness, as was reqnirH to 
make the npper surface quite horizontal. The two last layers bad proba- 
bly been dried in the sun aiid afterward burned. 

On a line running nearly east and west, and about sixty teet further 
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from the lake, nearly parallel with the one joining the center of the 
principal mounds, are situated eight mounds smaller iu dimeusious and 
less conspicuous in appearance. One of these, whose diameter was 
twenty-five feet at base and fifteen feet at its superior plane, and whose 
perpendicular height was two feet, I opened at the same time of explor- 
ing the one previously described } it proved to be, nnlike No. 2, destitute 
of strata^ but composed of one homogeneous mass of surface-soil. At 
the depth of two feet was a stratum of clay three inches thick, very hard 
and compact. On this stratum, at its center, were found charcoal and 
ashes, but no bones. 

I could explain this structure only on the supposition that a circular 
hut had once been located there, with a clay floor, with a fire-place in its 
center. Around the sides of the hat the earth had been banked, and when 
abandoned by itH inmates the i>erisbable portion had been removed, or, 
remaining undisturbed, had decomposed ; the embankments had settled 
"both internally and estemally, and the center of thebabitation had filled 
up to the common level of its sides. That a circular earth-walled hut, of 
suitable dimensions, will assume the form of a frustum of a cone is 
shown by the group of small mounds which a few years ago might be 
seen near Saint Paul, where the once celebrated Black Dog's village 
stood. The remains of such huts I propose to c&\\ domiciliary tumuli, in 
contradistinction to those of alarger size, with four characteristic strata, 
constructed for the purpose of interment. 

The third monnd of this group had a diameter of forty feet at base ; 
that of its superior plane was fifteen feet, and its {>erpeudicular height 
was two and a half feet. This mound showed a want of regularity in 
the circumference of its superior plane aud that of its base, as well as 
the slope of its sides, aud apparently had been the remains of a hut 
whose form had been a rectangle, with earth banked around its sides 
several feet high. The perishable part had been removed j its embank- 
ments settled, both externally and internally, and its central portion, 
though slightly depressed or cup-shaped, had nearly filled to the com- 
mon level of its sides. A few inches below the surface I found the' bones 
of the thorax, with upper extremities, in situ, as when interred, the ex- 
ternal surface of the sternum directed upward, and to the east the 
cervical vertebrte, not a foot below the surface. The axis of the thorax 
inclined to the horizon at an angle of aboat forty degrees ; the bones of 
the lower extremities were entirely wanting. This mound wa^also des- 
titute of the four characteristic strata which I found in Mound No. 2 
and others afterward examined, from which it may be inferred that the 
burial was intrusive and by a more recent tribe, and that the monnd 
was one of the domiciliary class. A stratum of clay, four inches thick, 
constituted the floor. Beneath the floor was found the skull and thigh- 
bones of an aged man. These bones among civilized meu havecmblem- 
atic significance. Can it be for a like reason the savages had deposited 
them iu a place as secure as possible? The remainiug mounds iu this 
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iDterestiug groap, from location, size, and general appearance, may be 
regarded as of the domiciliary class, and they vary iu dimeDsions, their 
bases beiug in diameter from twenty to thirty-five feet, their Bnperior 
planes being from fifteen to twenty-flve feet, the height of the latter 
from one to two feet ; they are located in a line at distances of from 
thirty to sixty feet apart. 

On the west side of Kettle Lakes, about a mile and a half distant 
from the post, is a group of three mounds whose dimensions are as fol- 
lows : diameter of balse, Rixty feet ; diameter of superior plane, forty 
feet; height of superior plane, three feet. 

In one of these the recent interment of the remains of an Indian 
child had taken place ; another of these I explored, removing all the 
earth found perpendicularly beneath the superior plane. The moand 
proved to belong to the sepulcliral class, and vas composed of the fonr 
characteristic strata as were found elsewhere, viz, first, a stratum of 
surface-soil two feet thick ; second, a etratam of dry pulverolent car- 
bonaceous matter onu foot in thickness; third, a stratum of siliceous 
loam, bearing evidence of exposure to high heat, very dry and compact ; 
fourth, a stratum of concrete one foot thick composed of clay contain- 
ing a slight admixture of lime; both of these latter strata appear to 
have been subjected to a high degree of heat, being very dry and com- 
pact la stmctnre, and so great is the cohesiveness of the particles that 
it requires smart blows of the pick to remove them. The shovel or 
spade makes no more impression npon the strata than apon a closely 
cemented pavement of bricks. 

It would seem that the thiid and foarth layers of the mound bad beei 
leveled off singly, and an enormous pile of wood bad been bomed opon 
each for the porpose of baking it, and the ashes had been gathered np 
and sifted to remove the charcoaj. An excavation ten or twelve Inches 
deep, tbree feet in circumference, had been made in the third layer of 
this mound, in which bad been deposited the bones above meDtioned. 
The sides and bottom bear the impressions of a pointed instmmeut, not 
Qulike those made by a pick. The implement used probably was a 
sharpened stake, sncb as I have seen tfae Dakotas ose in spring to dig 
tipainna, or Dakota turnips. The bones found here bad been divested 
of their soft parts and were piled in very compact cross-layers ; they 
were as follows, none of them perfect, however, viz : two inferior maxil- 
lary bones, a number of fragments of a cranium, a number of frag- 
ments of a iielvis, six femora, four tlbise, four fibulie, three uiuaB, two 
radii, and one scapula. I also obtained about a peck of fragments of 
decayed wood, which had scarcely enough cohesiveness existing to 
enable it to retain its form, and yet the bark remained adherent 
Each stick must have been five feet long and three Inches thick. The 
wood was found between the first and second layer, surmounted by a 
number of large undressed bowlders in immediate i>roximlty to it. It 
bears no mark of implements upon it, except that it has been split, and 
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moBt of it appears by its rings of aauular growth to be the part of a 
tmnk of a large tree, 

I presame it is of a species of oak still growing in this vicinity iu the 
ravines and places protected by tbeir water eurronndiDgs from prairie 
fire. As a general rule, the mound-builders were wont to cover witli 
wood or stone that iwrtiou of the second layer immediately enveloping 
the bonea. 

On a ridge, elevated ten or fifteen feet above the surface of the lakes, 
and within one-half of a mile from the post, and a few hundred feet 
fVorn the water, is a group of eight mounds, whose dimensions are as fol- 
lows: diameter of base, sixty feet; diameter of superior plane, forty -Ave 
or fifty feet; height of superior plane above the surface of the prairie im- 
mediately aurroundiog it, three feet. I explored one of this group and 
fonod its stmctnre to be identical with the last described, that is, to 
be composed of four characteristic strata, the latter two bearing evidence 
of exposure to high beat. This mound, and apparently the whole group, 
had evidently been constructed for sepulchral purposes; a slight ex- 
cavation had been made in the fourth layer to receive the bones 
which were as follows: four inferior maxillary, fourteen vertebrse, nine 
scapolte, nine humeri, nine ribs, nine ulnEc, tea OBSie innominatie, fifteeu 
femora, thirteen tibiffi, and eight flbulffl. These were arranged in cross- 
layers, so as to occupy the least possible amount of space, and within a 
compass of three feet. They had been divested of their soft parts prior 
to interment, as was evident from their relative position. The radius 
was invariably found without the ulna to mat«h, the tibia without the 
fibula. The ends of bones which would have been in proximity, if not 
disarticulated, were never fonnd so; neither the head of the humerus 
nor the bead of the femur was ever found in its socket. A number of 
the bones fonnd here had been gnawed by mice or prairie-gophers. 

On the south side of the post, and within one or two hundred feet of the 
sally-port, is a sepulchral monnd, the diameter of whose base is be- 
tween forty-five and fifty feet, that of its superior plana thirty and forty ^ 
the height of the superior plane, above the surface of the immediately 
surrounding prairie, is about two and a half feet. On the road to Fort 
Abercrombie, abont a mile and a half from the post, upon a ridge aris- 
ing about forty feet above the surface of the adjacent lakes, of which 
there is one on either side, is situated a group of seven mounds, all of 
which may be regardetl as of the sepulchral class, and do not difTer in 
siza and appearance irom those previously describetl. 

Three miles from Fort Wadsworth, in a direction a little east of north, 
upon a hill sixty feet above the surface of an adjacent lake, and sloping 
quiteto its water's edge, isagroup of seven mounds, two of which belong 
to the sepulchral class. The dimensions of one of these are as follows : 
diameter of base, sixty feet; diameter of superior plane, fifteen feet; 
height of superior plane, above the sloping hill-side, on which the 
mound is sitnated, from four to eight feet. These moonds sustmn th^ 
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same relative positiou to each other as those of Hampsoo's group, viz: 
two near the brow of the hill, with the remaiuiiig six iu a line neariy 
parallel to one joiaiog their ceuters. The six are about a haodred and 
fifty feet farther from the lake, and, judging from size and appearance, 
belong to the domiciliary class; they vary from thirty to forty feet in 
diameter at base, and are abont sixty feet apart, and may be regarded 
iu a line as nearly straight as Indians are wont to constract their bnt& 

On a strip of land adjoining the fort on the west, and between two 
lakes, arc situated ten or twelve mounds. Upon a ridge, one-quarter of a 
mile iu length, at varions distances from each other, seven of them are 
located ; the others occupy knolls which, from their elevation and prox- 
imity to water, seemed to the builders to furnish the most eligible silfs. 

The flag-staff of this post was planted in an Indian mound, occupying 
the center of the parade, and human bones were thrown out during the 
process of excavation. Another mound formerly stood in front of one 
of the barracks. Both now are leveled off and the locality overgrown 
with grass. 

MOUKDS, FOETff'ICATIOIJS, ETC., FOUHD IN OTHER TICIHITIES. 

There is an interesting group of monnds on the north shore of White 
Bear Lake, near Glenwood, Pope County, Minnesota. 

On a terrace arising by a gradual slope from the former bed of a river, 
and near the residence of the present Indian agent, is ^tuated an inter- 
esting group of Indian mounds, two of which, from size and appear- 
ance, may be regarded as of the sepulchral class. 

Mounds occurring both in groups and solitary may be seen on knolls 
at rarioas distances from each other, on the shores of Lake Traverse, 
one of which is known to contain human bones, and is surrounded on 
every side except one by Indian fortifications ; this side is protected 
from attack by the lake, from whose waters the bank arises almost per- 
]iendicalarly. 

About eighty miles from Fort Wadsworth, on the road to Fort Steven- 
son, is a bill of natural formation about thirty feet in height, some- 
what conical in shape, bearing in the Dakota language the name of 
Hu-ku PaJta, (Bone Hill.J The sides of this hill are paved with bones, 
of a certain kind, obtained Irom the legs of buffaloes. Walks leading 
in different directions to the distance of several hundred feet are paved 
with the same bones placed end to end and two courses in width. The 
hill commands an extensive range of vision, and has been oscd by the 
Cheyennes as a point of observation. 

Indian fortifications resembling rifle-pits are said to be found, flist, 
near this post ; second, near Lake Traverse, a short distance from the 
residence of Major Brown; third, on the Yellow Medicine, near when 



jM,Cooglc 



INDIAN M0DND8 NEAE FOET WAD3W0ETH, D. T. 399 

the " upper agency " formerly stood. Airow-headB, mascle-Bbells, and 
occasionally implemeats of bone and stone were formerly found in tliis 
locality. 

Indian pottery, in addition to being fonnd at this post, ia said to be 
fonnd also on tbe Cotesu du Prairie, about thirty miles &om this post. 

Od a granite rock situated upon a hill about a mile or two distant 
from the residence of M^or Brown are to be seen what is called Wa-kin- 
yan Owe, (the track of thunder,) and regarded by the Indians as a super- 
natural phenomenon. Two tracks of a bird, as Uiey regard them, are 
impressed upon the rock, each having three anterior toes and one pos- 
terior. The tracks are about six inches long, eacb line representing a 
toe, not more than one-eighth of an inch wide ; their origin is clearly 
artificial and may be explained ou the supposition that centuries ago, 
with a piece of dint, some member of the Clieyenne Kation has exercised 
his talents in engraving the tracks of a binl, in which a calcareous 
concretion of a different color from the original rouk has since been 
deposited. 

To an elevation or knoll, from forty to sixty feet high, one-quarter 
of a mile in diameter, arising almost perpendicularly &om the sonth- 
em shore of one of Kettle Lakes, and sloping gradually iu every 
direction into an erosion valley, I have applied the Dakota name of 
Cega lyeyapi, (ChSga Eyayapee,) a name by which Fort Wadswortb 
and the surrounding country is familiarly known to the Indians. The 
term signifies iu their language the place where " they found the kettle." 
The knoll has, probably, been for a long period the favorite camping- 
ground of the aborigines. The valley has at one time l>een a wide and 
deep ditch, communicating with one of Kettle Lakes and some adjoining 
sloughs, converting the hill into an island, admirably fortified by nature 
for defense. On the summit of this knoll was an artificial mound 
whose base was one hundred feet in diameter, and the perpendicular 
height of its superior plane, above the surface of the prairie, imme- 
diately surrounding it, was from one foot and a half to two feet. The 
demarkation of the circamference of the base of the mound is somewhat 
indistinct. At various distances from the surface to the depth of four 
feet were found alternate strata of clay, and what appears to be a dark 
vegetable mold, such as is found on tiie prairie elsewhere. The strata 
of clay are each about three inches thick, very hard and dry, and con- 
tein in their composition a slight admixture of lime, forming a sort of 
concrete. It would appear from this arrangement of a series of concrete 
doors that this locality, so admirably situated for defense, has been the 
favorite camping-ground of one band of aborigines after another, each 
renovating the locality of the former occupants by coveringit with a layer 
of soil from eight to twelve inches thick, and covering the whole with a 
new concrete floor. Ou these doors I found the bones of binls, fish, and 
various edible animals. The lowest floor is about four feet deep, and is 
upon the natural clay soil; in this I found a number of hearths, ^rmedby 
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digf^i'g ^i' excavatioQ about a foot deep, and three and a half or fonr 
feet iu diameter. Upon these were foand a quantity of ashes and charred 
bones, the remains of the feasts of mea, and a number of stones frcHn 
three to six inches in diamet«r, bearing evidence of esposnre to a high 
degree of heat, and having probably been used for the purpose of boil- 
ing vater. The granitic sand entering into the composition of the pot- 
tery may have been obtained from this soarce. Intermixed with the 
soil at various depths I found fragments of pottery of different sizes and 
patterns. The under surface or most dependent portion of each is in- 
crusted with a whit« calcareons matter, deposited, no doubt, from the 
leachings of the soil. The sherds were evidently firom some vessels 
no larger than a small jar or goblet, and from others whose capacity 
must have been four or five gallons. The color is either that of a cream 
or Milwaukee brick color, such as cl»y destitate of iron assumes when 
' burned, or a dim or slate color of various shades ; indeed, in some in- 
stauces it is almost black. The recently fractured edges of some of the 
pieces show a uniformity in color throughout the whole thickness ; others 
are of a cream-color one-third of the thickness upon either surface, with 
a sIat«-colored streak running through the middle. Oue of these colore 
may be seen on the inside of a sherd with its opposite on the outside, and 
vice versa. I can detect no pigmentary matter upon either sur&ce, and 
am of opinion that whatever has been used, whether for ornament or 
service, though probably the latter, has been imparted to the mass of 
clay prior to molding or baking, and by nse has disappeared from the 
surface, the center retaiuing itj for while I find no black sherds whose 
fractures show a cream-colored substance wiihin, the converse is true. 
The black sherds are the least brittle. The thickness of these shersd 
varies from an eighth to three-eighths of an inch, according to the size 
of the vessel, though few exceed one-fourth. Sand has been the only 
substance used to give stiffness to the mass during the process of mold- 
ing and prevent the ware from cracking while burning, and has probably 
been obtained from disintegrated stones, some of which were fonnd on 
the hearths elsewhere spoken of. I have been able to find no whole ves- 
sels, but from the fragments of the rims, sides, and bottoms, it is Dot 
ditficnlt to form a fair conception of their shape, which, for aboriginal 
art, was wonderfully symmetrical, gradually widening from its neck or 
more constricted portion of the vessel until it attains its greatest diame- 
ter, at a distance of oue-third of the height fh^m the bottom, which 
is analogous, in curvature, to the crystal of a watch. To the neck is 
attached the rim, about one inch in width, though sometimes two ; this 
slopes outward at angle of about twenty degrees irom a perpendicular. 
Of some of the smaller vessels the rim stands perpendicularly upon an 
offset resting upon the neck. Some patterns have no rim, but a mere 
lip arises from the neck of the vessel, the whole distance of its circum- 
ference, serving as a hand-hold to lift it by. Some small vessels had 
neither rims nor lips, their shape being spherical. I found , no pieces 
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coDtainiug ears or haDdles, though an Indiaa informant tells me that 
small vessels were supplied with ears. 

That the aboriginal potters of the lacostrine village of Gega lyeyapi 
were fond of decoration, and practiced it in the craramic art, ia shown 
by the tracings confined to the rims, which consist of very smooth 
lines about one-twentieth of an inch in width, and as deep, drawn quite 
aroond the vessels, parallel to the margin. These are sometimes crossed 
by zigzag lines, terminating at the neck of the vessel and the margin 
of the rim. I^es drawn oblityiely across the rim of the vessel, and 
retnmittg so as to form the letter " Y," with others parallel to the mar* 
gin of the rim, joining its sides, the same repeated as often as space 
admits, constitnte the only tracings on some vessels. The inside of the 
vessels is invariably plain. 

That the ancient potters failed in the delineatory art, as modern In. 
dians do, may readily be inferred, since no object of nature, snch as a 
tree, a plant, a flower, or bird, has been attempted in their tracings. 

To the art of glazing the aborigines seem to have been entire stran- 
ger^, but they have rendered their ware durable and impervious to 
moisture, by thoroughly incorporating throughout its sobstauce a black 
pigment, which may be driven off by heating the sherds to redness in 
tbe bright coals of a common wood-fire. Fragments thns treated assume 
a yellowish color, and become very porous and brittle. 

The neck of the vessels, as well aa the rim, shows one uniform cnrv- 
atnre, that of a circle, as if molded within a hoop, and is free from 
those twists and warps sometimes seen in biscuit and common clay 
ware manufactured by the whites. The outside of the vessels proper, 
exclusive of the rim— which is traced — bears the impression of very 
evenly-twisted cords running in a parallel direction and closely crowded 
together, the alternate swelling and depression of whose strands have 
left eqoidlstant indentations in every line thus impressed. These lines 
ran, on the sides of tbe vessels, in a direction perpendicular to the rim, 
and disappear within a half of an inch or an inch of it, each indenta- 
tion becoming indistinct near the eud. I have counted from ten to fif- 
teen of these casts in the space of a linear inch, and yet some of the 
sherds represent much finer cords. I find no casts of woven fabric, as 
of cloth or basket-work, and yet I have seen diamond { <^ ) fignres formed 
near the bottom of the vessel, by tbe crossing of difi'erent layers ot 
cords. A willow or rush fabric could not form snch casts; the inside 
bark of a tree possibly might, bnt the sinews of the bufialo, such as 
bow-strings are made of, were most probably nsed. It would seem, 
then, that a sack or basket, formed by secoring twisted cords, properly 
adjusted to a hoop, furnished the molds in which the aboriginal potters 
shaped and dried their vessels, the external surface of which is a cast 
of the cords composing the sack. 

Earthen vessels were in use by the Dakotas during the childhood of 
men still living. I have interrogated separately, and on different occa- 
26 an "ITc 
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sion8,'the priucip^ aod most reliable men of the SissitoD and Walipeton 
tribes, all of whom tell the same story of haviDg seen earttien kettles for 
colinary purposes in nse by their parents. They state, however, tbat the 
Bakotas never made pottery ; bat in this, Carver, a traveler who spent 
a winter among them more than a hundred years ago, contradicts 
them. Some say it was broogbt from the MiBsoori, having been pnr- 
diased from the Omahas, otliers that the Pawnees made it ; otfa^n that 
tiiey obtained it as booty fh>m the Mandans, with whom tiiey were con- 
stantly at war. In corroboration of this statement, GatUu ^vea an ad- 
miralde acconnt of seeing Mandan women make and nse pottery when 
in the conntry of tbat nation, in 1832, That the Mandans, e tribe now 
residing with the Bees, in permanent lodges, near Fort BafiMli, and sub- 
sisting partly by agricnl tore, once possessed the territory aroond KettJe 
Lakes, aod hence made the pottery, is probable, fh>m tbe fiwt that the 
deepest hearths in the sit« of the excavation are sut^ as the Mandtma 
construct at the present day. The Gheyennes, about one hundred years 
since, were dispossessed of the soil by the Dakotas, and the coontry 
named Cega lyeyapi, as previously stated. The legend of the latter 
tribe ascribed to the former the authorship of the artificial tnmuli in 
this vicinity. 



ASTIQDITIEB OK THE CACHE LI POUDBE BITBB, WKID COVHTI, GOLOBiDO 
TEBBITOBT. 

By Edwaxd S. Brbthoud. 

Itaring a casual walk taken by me in Joly, 1867, along tbe ctetaceoas 
blnffe which extend on Cache Xm Poudre Biver for several miles, and 
vhfle searchiBg for some strate containing fossil-sheUs of tbat ^xwh, 
my attention was drawn to the beds of gravel and small bowlders whitb 
appear to crown tbe blofis and higher slopes. This gravel contains both 
sedimentary fuid igneoos rocks, is evidently of recent origin, and was 
probably deposited long since the cretaceous period. We find here not 
only rolled pebbles of quartz, felspatbic and micaceous granite hora- 
blende rock, sandstone, and ferruginous quartz-rock, bat also con- 
glomerate of an older period, both common and moss agates, varie- 
gated sandstone, &c., with sometimes a pebble of hard limestone. 

While continuing my examination and searching for moss-agates, I 
found several small accnmulationB of agate-chips half buried in thesoil, 
or composing a pavement in spots laid bare by the industry of niuneroDS 
colonies of ants, who seem to be amateurs of all small gay-colored or 
bright pebbles with which to construct their nests. These cbippinffs 
appearing in numerous places excited my curiosity, until both myself 
and companions found in one place two or three arrew-heads made from 
t^e coarse agates found there, as well as theovalstoue tool which I send 
with the arrow-head, stone teeth for war-club or saw, and some broken 
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points spoiled in fiaisbing. It thus appeared erideut to tue that here 
most hare been either a casaal manufactory of sach offeuBive or defen- 
fiive veapoDB, or that an old settlemeDt had once here existed. Coutinii- 
ing my search and narrowly examining the ground for a large extent, I 
fonnd nomerooB small circles of stones which, although more than half 
covered with soil and sod, still shoved nnmistakablesigns of design and 
use. The stones were flre-stained, and fireqaently fell to pieces, the top 
coarsOT when exposed, oovered with a toagh yellowish-green moss, bat 
fireqnently so mnch buried and fixed in the soil and d^briSf that they 
were difBcnlt to trace out, and all marked apparently witli great anti- 
quity. These vestiges are found over an extent of several acres, and 
present an appearance of continned occnpatioDS. Indeed, one of the 
arrow-beads has incmated upon it a sort of calcareoosor siliceous cemeot 
similar to that found on the large pebbles and bowlders of the gravel 
formation, and everywhere near them we find flakes and chippings of 
agate similar to those notioed in England, France, and our Eastern 
States, and with the arrow-beads of identical pattern of those found 
from Maine to Georgia, or in our western mounds, the traces of a by- 
gone race who once roamed here before its present Indian popolation. 
In fntnre, we expect to continue these examinations and see if we can 
find vestiges of other larger circles. 



ARTMIDITIEB IN NEW MEXICO. 

By W. B. Lyok. 
Fort McRae, New Mexico, March 28, 1871. 

I returned a week ago from a visit to the old pueblo referred to in a 
previous letter, althongh the limited time allowed did not permit me to 
make any minute explorations of the antiqnities. I inclose herewith a 
grouud-plan which is in the main correct 

The pneblo is situated nearly due west and twenty-five miles distant 
from the town of Socorro, on the Bio Grande. In no place were the 
walls left over two feet in height, and judging from their character and 
the amount of debris, I do not think any portion of the building or 
bnildings exceeded one story iu height. The material is a soft, 
coarse-grained sandstone, laid up without mortar or cement, none of the 
stones being over three inches in thickness. No remains of beams or 
timber of any kind were found. The walls are eighteen inches iu 
thickness. Numerous fragments of colored pottery — not differing, 
however, from that now made by the Pueblo Indians — were picked np. 
In the south end of the court are two circular excavations, respectively 
forty-seven and twenty-five yards iu circumference, and each about ten 
feet in depth. Iu the centre of the larger one I found, on digging, the 
top of a circular stone wall, five feet iu diameter. My time did not 
permit me to make further explorations. L lOO^Ic 
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Ibe puoblo occupies a point of laod projcctiiig into the valley, aad 
elevated twenty-five or thirty feet above the bottom. The i>ositioii 
seems to haye been chosen more for its defensive advantages than for 
convenience. There is a fine spring abont one hundred yards to the 
vfeat, the water disappearing almost immediately after its exiU 

Extensive silver mines have recently been discovered in the imme- 
diate vicinity, and a town has been laid oat near the spring. The mi- 
ners propose to ose the stone from the pueblo for building purposes, 
but promise to preserve any nteosils, or anything of interest they may 
find, for the Smithsonian. Some of the ore found in these mines is 
very rich. I think an average ton of the rock will yield over tlOO. 
Evidences of ancient working of these mines exist in shafts entirely 
filled'up with earth. One of these, on a lode containing a large pro- 
portion of copper, has been dug out to the depth of eighteen feet. 

Although in close proximity to several cedar-trees, no very large roots 
penetrate it, and from this circumstance, as well aa the extremely bard 
quality of the wall-rock, I do not believe that the time of working the 
shaft antedates the occupation of the country by the Spaniards. The 
ore is very refractory, and can be worked here only by amalgamation. 

A gentleman who has juat returned firom a trading expedition to the 
Little Colorado informs me that he discovered, near that stream, a re- 
markable fortification, or series of six forts, built of solid masonry, uni- 
ted with cement, each provided with bastion, ditch, etc., and containing 
in the center a reservoir for water. They occupy the extremity of high 
necks of land jutting into the valley, and extend for a mile and a half 
along its couitee. In the bottom be found the mins of towns built of 
adobes, and traces of large irrigating ditches. 

The gentleman brought back with him one very slightly mutilated 
*'olla,'" or jar, of carious workmanship, which he promised to give me 
for transmission to the Smithsonian. 



AKIiqUlTIEB IN lE^roiB COVKTI, XOBTH CABOLI.fA. 

By J. Mason Si-AiNaouit. 

lu a conversation with Mr. Michaux, of Burke County, North Carolina, 
ou Indian curiosities, he informed me that there was an Indian mound 
on his farm, which was formerly of considerable height, but bad gradu- 
ally been plowed down ; that several mounds in the neighborhood had 
been excavated, and nothing of interest found in them. I asked per- 
mission to examine this mound, which was granted, and upon investi- 
gation the following interesting &cts were revealed. Upon reaching 
the place I sharpened a stick four or five feet in length, and ran it down 
in the earth at several places, and finally struck a stone about eighteen 
inches below the surface, which, upon digging down, was found to be 
about eighteen inches long and sixteen inches wide, and from two to 
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three inchea in thickness, the corners roanded. It rested od solid earth 
and had been smoothed oq top. 

I then made &o excavation in the sonth of the monad, and soon strnok 
another stone, which upon examination proved to be in front of the 
remains of a faaman skeleton in a sitting postore; the bones of the fin* 
gers of the right hand had been resting on the stone. Kear the hand 
was a small stone about five inches long, resembling a tomahawk or 
iudian hatchet. Upon a further examination, many of the bones were 
foond, though in a very decomposed condition, end upon exposure to 
the air they soon crumbled to pieces. The heads of the bones, a consid- 
erable portion of the eknll, jaw-bones, teeth, neck-bonea, and the ver- 
tebra were in their proper places. Though tbe weight of the earth 
above them had driven them down, yet the frame was perfect, and the 
bones of the head were slightly inclined toward the east. Aronnd the 
neck were found coarse beads that seemed to be of some substance 
resembling chalk. A small lump of red paint, about the size of an egg, 
was found near the right side of this skeleton. From my knowledge of 
anatomy, the sutures of the skull would indicate the subject to have 
been twenty-five or twenty-eight years of age. The top of the skull 
was about twelve inches below the mark of the plow. 

I made a further excavation in the vrest yaH of this mound and found 
another skeleton similar to the first, in a sitting posture, facing the last. 
A stone was on the right, on which the right hand had been resting, 
and on this was a tomahawk which had been about seven inches in 
length, broken into two pieces, and much better finished than the first. 
Beads were also on the neck of this one, but were much smaller and of 
finer quality than those on the neck of tbe first; the material, however, 
seemed to be the same. A much larger amount of paint was found by 
the side of this than the first. The bones indicated a person of lai^er 
firame, and I think of about fifty years of age. Everything about this 
one had the appearance of saperiority over the first. The top of the 
skull was about six inches below the mark of the plow. 

I continued tbe examination, and after diligent search found nothing 
at the north part of the mound bnt on reaching the east side found 
another skeleton in the same posture asthe others, &ciug the west. On 
the right side of this was a stone on which the right bandhad been rest- 
ing, and on the stone was also a tomahawk about eight inches in length, 
broken into three pieces, much smoother and of finer material than the 
others. Beads were also found on the neck of this, but muchsmaller and 
finer than on those of the others, as well as a large amount of paint. 
The bones would indicate a person of forty years of age ; the top of the 
skull had been moved by the plow. 

There was no appearance of hair discovered ; besides, the principal 
bones were almost entirely decomposed, and erombled when handled; 
these two circnmstances, coupled with the fact that the farm on which 
this mound was found was the first settled in that county, the date of the 
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first deed raonrng back about one bandiedaiid flfl^ years, (the Uuid still 
belonging to descendaiita of the same family tliat first occapied it,) voold 
prove beyond donbt that it is very old. 

The moand was sitnated dae east and vest, in Biae abont nine by six 
feet, the line being diatinotly marked by difference in color of the soiL 
It was dag in rich black loam, and filled with white oc yellow sand, bot 
contigaooH to the skeleton was » dark -colored earth, s^ so decidedly 
different was this from all socroanding in quality and smell, that the 
lines of the bodies coold be readily traced. The decomposed earth, 
which had been flesh, was sinilar in odor to that of clotted blood, and 
would adhere in lamps when compressed in the hands. 



ICCOVKT OP TflE OLD IKDIAK TILIAOB KVSHKVSHKKK, XKIR ITKWCiSn^ 
PKNHSTLVINII. 

By £. U. McCOKKELL. 

This Indian village was on the Mahoning Biver, on the south side 
of the present town of Edinbnrgh, abont five miles west of the city of 
^fewcastle, Pennsylvania. It was located on the second bank, on the 
west side of the river, with a range of high bills to the west, fonning 
an excellent protection from gtonns. The distance from the base oT 
the hills on the west to the river is abont ooe-thlid of a mile, makujg 
a beantiiiil valley of several miles both north and sooth. Christie 
Frederic Post, a Moravian, was sent on a mission to the Indians at this 
place by General Forbes, in 1768. He says this village at that time 
"contained ninety bouses and two hundred able warriors." Post, 
whose business it was, indnced the chief, Pabankee, to attend a great 
conference to be held opposite Fort Dnquesne, now Pittsbni^h. 
This is the earliest knowledge we have of Kushknahkee. 

Twelve years later, 1770, at the request of Pakankee, the Moravians 
removed from their settlement at IJawunakhannak on the Allegheny 
Biver, and settled on the Beaver Biver, five miles south of NewoaaOe, 
where they remained for two years, instructing the Indiana in the prin- 
ciples of the Christian religion, establishing schools, and introducing 
agricultural pursuits, &c. Daring this time they had intercourse with 
Indians at Enshkusfakee, many of whom became converts to Obristi- 
anity, among the nnmber OUkkikan, a distinguished orator of the Del- 
aware tribe. 

In company with D. Craig, esq., and B. W. Clenduiin, I visited the 
site of this ancient village the past summer to examine carefully its 
location and snTTOundings, and learn what I conld of the race who 
inhabited it more than a hnndred years ago. When I visited this 
place, some years ago, the sepulchral mound was in an almost perfect 
state of preservation, but at this time we found that three-fourths of 
it had been leveled to the grade of the field surrounding it, which, we 
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were informed, bad been done by the owner of the land, with tb^ ex- 
pectation of finding aome hidden treaaore. It is a Bonice of regret to 
those of as who value these traces of former oecapatjon of our aoil 
that tbey had not been sacredly protected and preserved. The mound 
was oiigioally about fift? feet in circumference, and sis feet high in the 
<»nter. We found one human skeleton that bad been left exposed, 
many of the bones being in a perfeot state of preservation. This grave 
had. been made on the snctVice of the ground. Flag-stones broken to 
the required width bad been set on their edges around the body, uniform 
La height, and coveted with flat stones, and then with earth; other 
bodies had been placed alongside in the same manner, and also on the 
top of those first interred, and in this way after many years forming the 
•moond as we find it. A few rods south of the moaod are about twenty 
graves of bodies buried separately, the ground over each grave shpiring 
a depression of a bout six inches, with a piece of flat stone set at the 
head and foot of each grave. This may have been adopted under the 
influence of the teachings of the Moravians as a more Christian form of 
bnrial. In examining a field of ton acres or more near the monod, we 
fonnd a great quantity of flint chippings that had been broken off in 
making implements, large numbers of which have been gathered up 
here since the settlement of this vaUey by the whites. 

Mr. James Park, who has lived here for almost seventy years, gave 
me a stone implement somewhat of the shape and size of a cupeuter'a 
hatobet, made of the blue-gray stone common in this neighborhood. I 
have others much the shape and size of wedges used for splitting stone. 



THE PIHA IITBIANa OF AKIZONA. 

By Captact F. E. GR03SMi>-s, U. 8. A. 
Thkib hibtobt and teaditions.— The Pimas have but vague ideas 
of the doings of their forefathers, and whatever accoouts may have been 
banded down to them have been so changed in the transmis^oa that 
they cannot be deemed rdiable now. Their account of the creation of 
the world is confused, different parties giving different details thereof. 
The story most generally accepted among them is that the first of all 
created beings was a spider, which spun a large web, out of whi<^, in 
process of time, the world was formed. They believe that the Supreme 
Being or Creator took a nerve out of bis neck and thereof made a.man 
imd a woman. According to their traditions, the first hnmui beings 
Uved near the Salt Biver, in Arizona Territory, near the McDowell 
Mountain. These people multiplied rapidly, and soon populated the 
valleys of the Salt and GilaBivers. There appefffS to be a strong prob- 
ability that the Pima and Papago Indians, who speak the same lan- 
guage, and to all intents belong to the same nation, are the desceudante 
^f the earliest occnpantB of this section of the country. Still the ao- 

D„:,i.,.-iM,C00glc 



408 ETHNOLOGY. 

coonts of the two above-named tribes differ materially in many eaeen- 
tial points of their early history. Both seem to have heard of a great 
flood, and each have their own method of explaining how their fore- 
fathers were saved from this deluge. 

The Pimas relate that the coming of the flood was well known to the 
eagles, for these birds, soaring among the clouds, saw the gathering of 
the storm. One of the eagles, friendly disjiosed toward the Pimas, ap- 
peared to the principal prophet of the tribe, and warned him of the ap- 
proaching disaster, advising him to prepare for it. At the aame time a 
cunning wolf (coyote) conveyed the same caution to another prophet. 
The former and his followers paid no attention to the counsels of the 
eagle; whUe the other prophet, knowing the wolf to be a sagacious ani- 
mal, at once prepared a boat for himself and made provisions to take 
with him all kinds of animals then known. The Papagos claim to be 
the descendants of the more cautions one, the Pimas of the one who re- 
fused to be guided by the eagle. This bird appeared for the second 
time and repeated his caution, but the Pimas scorned his advice. At 
last the eagle came for the third time, violently flapped his wings at the 
door of the hut of the principal prophet, and with a shrill cry announced 
to him and his people that the flood was at band, and then flew scream- 
ing away. Suddenly the winds arose and the rains descended in tor- 
rents, thunder and lightning were terrific, and darkness covered the 
w^orld. Everything on earth was destroyed by thie flood, and all the 
Pimas perished except one chief, named Sii'-hd, a good and brave Indian, 
who was saved by a special interposition in his favor by the Great 
Spirit. 

The prophet who listened to and profited by the cantjon of the wolf, 
entered his boat, which safely rode through the storm and landed, when 
the flood subsided, npon the mountain of Santa Rosa. The wolf also 
escaped by crawling into a large hollow cane, the ends of which he 
closed with some resiuona substance. The Papagos of to-day believe 
that the prophet wbo saved himself by means of the boat was their fore- 
father, and yearly visit the mountain and village of Santa Bosa, in Ari- 
zona Territory, in commemoration of the fortunate escape of the founds 
of Uieu: race. It is also said that a Papago will not kill a wolf. The 
Pimas, however, claim to be the duect descendants of the chief So'-bii,. 
above mentioned. The children of So'-ho re-inhabited the Gila Biver 
Valley, and soon the jieople became nomerous. One of the direct de- 
scendants of So'-ho, King Si'-va-no, erected the Casas Grandes on the 
Gila Biver. Here he governed a large empire, before — long before — the 
Sfiauiards were known. King Si'-va-no was very rich and powerful, and 
had many wives, who were known for their i>ersonal beanty and their 
great skill in making pottery ware and ki'-hos, (baskets which the 
women carry upon their heads and backs.) The snl^ects of king ^'-va- 
no lived in a large city near the Casas Qrandes, and cultivated the soil 
for many miles around. They dug immense canals, which carried the 
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water of the GilaBiver to their fields, and also produced abuiidantciops. 
Their vomen were virtuous and industrious ; they spun the native cot- 
ton into garments, m&de beaatifal baskets of the bark of trees, and were 
particularly skilled in the mannfcicture of earthen ware. (Remains of 
the old canals can be seen to this day, and pieces of neatly-painted 
potter; ware are scattered for miles upon the site of the old city. There 
are several ruins of ancient buildings here, the best preserved one of 
which is said to have been the residence of King Si'-va^no. This boose 
has been at least four stories high, for even now three stones remain in 
good preservation, and a portion of the fourth can be seen. The house 
^Iwas built square; each story contains five rooms, one in the 

1- I " center, and a room on each of the outer sides of the inner 
I 'I room. This house has been built solidly of clay and cement ; 



^_d t_J not of adobes, but by successive thick layers of mortar, 
and it was plastered so well that most of the plastering remains to this 
day, although it must have been exposed to the weather for many years. 
The roof and thedifferentceilings hare long since fallen, and only short 
pieces of timber remain in the walls to indicate the place where the 
rafters were inserted. These rafters are of pine wood, and since there 
is no kind of pine growing now within less than fifty miles of the Casas 
Orandes, this bouse must either have been built at a time when pine 
timber eoold be procured near the building site, or else the builders 
must have had facilities to transport heavy logs for long distances. It 
is certain that the house was built before the Pimas knew the use of 
iron, for many stone hatchets have been found in the ruins, and the 
ends of the lintels over doors and windows ^ow by their hacked ap- 
pearance that only blunt tools were used. It also appears that the 
builders were without trowels, for the marks of the fingers of the work- 
men or women are plainly visible both in the plastering and in the 
wAlls where the former has fallen off. The rooms were about six feet in 
height, the doors are very narrow and only four feet high, round holes, 
about eight inches in diameter, answered for windows. Only one en- 
trance from the outside was left by the builders, and some of the outer 
rooms even had no communication with the room in the center. There 
are no stairs, and it is believed Uiat the Pimas entered the house from 
above by means of ladders, as the Znni Indians still do. The walls are 
perfectly perpendicular and all angles square.) 

The empire of King Si'-va-no became so populous after a white that 
some of its inhabitants found it necessary to emigrate. One of the sous 
of the king, with numerous followers, went, therefore^ to the Salt Biver 
Valley, and there established a new empire, which, in course of time, 
became very prosperous. Indeed, the inhabitants became so wealthy 
that they wore jewelry and precious stones upon their persons, and 
finally erected a beautiful throne for the use of their monarch. This 
throng was mannfoctnred entirely of large blue stones, (probably silver 
or copper ore.) ,--. , 
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In courae of time a iromou asoeaded ttiisthioDe, She was very beaa- 
tJfiil, and many of tbe warriors adored ber, bat abe refosed all offieiB of 
marriage, and seemed to be food erf no one except a pet eagle wbidi 
lived in her boase. The regeoted snitors, jealoiis of the eagle, deter- 
mined to kill him, bat he, a vise bird, discovered thdr isteDtioiu, said 
iarewell to his mistroBS, and fiew away toward the rising of the son, 
threatening destrnction to those who had contemplated to take his life. 

At the death of the qneen, who married after the departure of the 
eagle, the govemment of tite nation fell to her son, who was bat a child 
in years, and weak and incapable. Daring the reign of this boy the 
eagle retamed, condaoting the Spaaiards to his former hone. These 
came, well armed and some mounted on horses, which before this time 
had been unknown to the Pimas. 

The Spfuiiards approached in three strong oolamns ; one marched 
down the Oila Biver, one cfune from the north, and the third one from 
thesoath. These anniesofstraoge white men tarrifledthe Pimas, who, 
without competent leader and good arms, were' soon defeated, liw 
enemy devastated the whole country, kUled most of the inhabttants, 
and leveled their fine baildings to the ground. The throne of the king 
was broken into small pieces, uid the birds of the air came and swal- 
lowed the small blae stcmes, which, afterward, they spit out wherever 
they happened to be. This, say the Pimas, accoonts for the fact that 
these blae stones are foand bat rarely and in very different looalitiea 
now. (Stones of this kind are highly prized by the Pimas, and worn as 
charms.) Bat few of the Pimas escaped the general massaon, and bid 
themselves in th^ neighboring moantains, whence tfaey retnmed to the 
valley after Uie departure of the Spaniards. They found all thdr wealth 
destroyed, their towns in rains, their fields devastated, their fiiends and 
relatives slain or carried off by the enemy, and the sarvivora were in 
despair. Some few, hoping to be able to liberate some of their kindred 
who had been captared, followed the white men toward the sonth and 
finally settled in Sonora, where their descendants hve to this day. The 
others remained in the 8(^t Itiver Valley, increased in numbers, and 
again tilled the soil. But the Apaches, always bitter enemies of the 
Pimas, took advantage of tbe situation, and encroached upon their fields 
to such an extent that the Pimas finally retnmed to the Gila River Val- 
ley, where they still live. They never re-erected the stately mansions 
of their forefathers, but, humbled by defeat, were content to live in the 
lowly hnts which are occupied by the Pimas of the present day. Their 
women were virtuous and sbx>og, and in the lapse of time nnmeroos 
children were bom ; the tribe increased in numbers, and, not many years 
after their defeat by the ^Muiiards, the Pimas were strong enongh to 
cope with tbe Apaches, against whom they have carried on a bitter war- 
fare ever since. At one time they were very poor indeed. Owing to 
the poverty of the tribe, their leaders never returned to the lavacioas 
style of living of tbe former kings. They were simply called "ohiefe," 
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bat the sapreme coDtrol of the tribe was etill m the hands of the old 
royal &icity, aod descended A«m £atiier to son. These head-chiefo vere 
biare warriors, and under their leadw^ip the Pimaa achieved many 
victories. At one time tlie Gomaoohe Indians oame from the east, bat 
the Fimas repulsed them after -a bloody b^le, TrhJeh iras fought near 
the present mul-statlon Saoatoo. At last the rei^ descended to Sfa6n- 
tarl-Hiir'-li, (old soldier,) the last, in a direet line, of tbe old royal house. 
He yraa a bold warrior, and highly esteemed by the whole tribe. Dur- 
ing his reigu the Maricopa Indians, imposed npon and persecuted by 
the Tumas and Mohaves, came to the eonntry of the Pimas in two dif- 
ferent parties, one from the southwest and the other from the north- 
west. The new-comers asked a home aod protection, promising to aid 
the Pimas in their sooote against the Apadies. Their reqaest was 
granted, and when the Yomas, who had given pursuit to tbe Mari- 
e(q>a8, appeared near the country of the Pimae, the latter tamed ont 
in force, and, united with the Muioopas, defeated tbe Yumas in a battle 
foogbt near the present Maricopa Wells. Since then the Yamas have 
not dared to molest the Marioopas. The latter remained with the 
Pimas, were permitted to oaltivate a small portion of their land, and 
have been ever since on friendly terms with them. The Maricopas of 
to-^ay have two villages on the reservation, and number three hundred 
and eighty-two. The Pimas have intermarried with the Mariettas ; 
still tbe latter preserve their own language, which is that of tbe Ynmas, 
CoGopas, and Mohaves. At last Sbdn-tarl-Kor'-Ii, the chief, was fhtally 
wonnded by the Apaches, receiving a musket-ball in bis forehead. 
Upon his death-bed this old chief, who had no sons to succeed him, recom- 
mended that S^o'-e-teck-e-muB, one of tbe sub-chiefs, who was a renowned 
warrior, should be elected head chief. Thiswas done, and SQo'-e-teok-e- 
miis, who was tbe father of tbe present head-chief, reigned for years, re- 
spected and beloved by all bis tribe. Young Antonio Azul, or A-vfi-at-Kd- 
jo, (the man who lifts his leg,) as he is called by tbe Pimas, accompanied 
bis father, the chief, on ail his scouts when he became old enough to use 
arms, and at one time went with him to Sonora and visited some of the 
Mexicwi towns. S^o'-e-teck-e-m^s led the Pimas many times against 
the Apaches, was repeatedly wounded, bat finally died in consequence 
of sickness. Upon his death Antonio Azul assumed the position of bis 
father, but dissension arose in the tribe. Many claimed that Antonio 
bad no title to the sapreue command ; that his fitther had been chosen 
chief on account of his boldness and wisdom ; that these virtues did 
not necessarily descend from father to son, and that the choioe of a new 
chief ought to be left to the warriors of the tribe. Some asserted that a 
distant relative of the ohief proper was among the tribe, who, having 
the royal blood in his veins, ought to govern. 

Xrispa, a petty chief, well known for hia bravery in the field, and 
withal a crafty and unscrupulous man, took advantage of the general 
confnsion, and, with the intention of usuniing Antonio's place, accused 
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the latter of witchcraft. Antonio was tried and declared not guU^, 
and since then haa been generally rect^nized as bead-diief. Still the 
followers of Ariapa, who are the worst Indians on the reservation, refoBe 
to be guided by Antonio, and the latter evidently believes his positioD 
to be insecore, and therefore temporizes with the bad men of the tribe 
rather than ran the risk of a TeTolution> and possible loss of his rank 
by compelling them to behave themselves. Of coarse the Indians knov 
him thoroughly, and take advantage of his weakness. / 

Since Antonio Azul has become the head-chief of the tribe the over- 
land road from Texas to California, which passes through the Pima 
land, has been established, and in consequence thereof these Indians 
have been thrown in contact with the Americans. In 1859 a reserva- 
tion, containing one hundred square miles, was set aside for them by 
act of Congress, and upon and near it they have resided ever since. 
Eight years ago the small-pos raged among them to an alarming extent, 
and many, particularly children, died of this disease. 

It is a lamentable fact tbat the Pimas have retrograded since the 
advent of the white men among them, both morally and pbysicaUy. 
Fifteen years ago, when Batterfield's mail-coaches first passed thiongfa 
their land, the Pimas were a healthy race, tlie men brave and honest, 
the women chaste. To-day foul dis«tses prevail to an alarming extent, 
many of tbe women iure public piostitates, and all wilt pilfer whenever 
opportunity offers. 
^...JteLiGiON. — ^The Pimas believe in the existence of a Supreme Being 
or Creator, whom they call " Prophet of the Earth," and also in an evil 
^irit, (che-&-vurI.) Tbey believe that, generally, their spirits will pass 
to another world when they die, and that there tbey will meet those 
who have gone before them. They say that whenever any one dies an ovl 
carries the sool of the departed away, and beuce they fear owls, (which 
they never kill,) and they consider the hooting of this bird a sore omen 
that some one ia about to die. Tbey give a confused account of some 
priests, (p^-le,) who, they stat«, visited their country years ago and 
attempted to convert them to Christianity. These priests were French, 
and to this day the Pimas call the French " p&r-le-sick ; " plural, " p&-par- 
le-sick." It does not appear that these missionarieB met with sncceas. 
The Pimas have no formof worship whatever, and have neither idols nor 
images. Tbey know that the Mexicans baptize their children, and some- 
times imitate this ceremony. This baptism is applied, however, only 
as a charm, and in cases of extreme sickness of the child. "When tie 
ceremonies and charms of the native physicians (m^ke) fail to produce 
a cure, then the sick infant ia taken to some American or Mexican, and 
oven Papago when he is known to have embraced the Christian fnitb. 
Generally Mexican women perform the ceremony. If the child recovers 
it receives a Spanish name, by which it is known ever after ; but these 
names are so much changed in pronnnciation that strangers wonld hardl; 
recognize them. Pedro, for iuBtance, becomes Pf-VBrlo : Emapael, MA- 
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oorl; Cristobal, Kis-to; Ignazio, I'-nas; Maria, M&r-le, etc. It is cer- 
tain tliat their religion does not teach them morality, nor does it point 
ont a certain mode of conduct. Each Pima, if be tronhles himself aboat 
his religion, eonstmes it to sait himself, and all care little or nothing 
for the life hereafter, for their creed neither promises regards in the 
future for a life veil spent, nor does it threaten ponishment after death 
to those who in this life act badly. They have no priest to coonsel 
them, and the influence of their chiefs is insufficient to restrain those who 
are evil-disposed. The whole nation lives hnt for to-day, never thinbs 
of the wants of the future, and is guided soleby by desires and passions. 
They believe in witches and ghosts, tad their doctors (m&-ke) claim to 
know bow to find and destroy witches. Almost anything is believed to 
be a witch. Usaally it ia a small piece of wood, to which is tied a piece 
of red flannel, cloth, or calico by means of a horse-hair. Should one of 
these be fonnd in or near one of the Ftma hnls, the inhabitants thereof 
would at once abandon it and move elsewhere. They believe that all 
sickness, death, and misfortnues are eaosed by witches. If, therefore, a 
Pima is taken sick, or loses his horse or cow, he sends for one of the 
medicine-men, whose duty it becomea to find and destn^ the evil spirit 
who has caused the mischief. The medicine-man on these occasions 
masks his face and disgoisea himself as mnch as possible. He then 
swiftly runs aionnd the spot supposed to be infested, widening bis cir- 
cles as he mns, nntil, at last, he professes to have found the outer limits 
of the space of ground supposed to he under the influence of the witch. 
Then he and his assistants (the latter also masked) drive i>ainted stakes 
into the gionnd all about the bewitched spot. These sticks, painted 
with certain colors found in themountains, are said to possess the power 
of preventing the escape of the witch. JSow begins the search for the 
witch } everything is looked into, huts are examined, fences removed, 
bushes cut down, nntil, at last, the medioiue-mau professes to find the 
witeh, which usually is the above-described stick, horse-hair and ted 
cloth. Of course, this so-called witeh has been hidden previons to the 
search, by some of the assistants of the medicine-man. It is bnmed at 
once, and the uninitiated fondly believe that, for a time at least, they 
will be free from the evil influences of the witeh thus destroyed. Of 
course, this mode of treatment seldom prodnces a cure of sick people, 
but the Pimas know nothing whatever of medicines; their medicine-men 
never administer anything internally, and the above ceremony is the 
principal attempt made to cure the sick. Sometimes, for instance, In 
case of pains in the chest or stomach, they scarify the patients with 
sharp stones or place burning coals upon the skin, and in rare instances 
the patient is placed upon the ground; his head to the west, and then 
the medicine-man gently passes a brush, made of eagle feathers, &om 
his head to bia feet ; after which be runs several paces, shakes the brush 
violently, and then returns to the patient to repeat, again and again, 
the same manoeuver. They believe that', by this operation, the ^su^nms 
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is drawn first into the brusb and tbence shaken to the vinds, and by- 
standers keep a respectful distance for fearof inhaling the disease when 
it is shaken from the brash. Some doctors pretend to destaioy sickneea 
by shooting painted arrows irom painted bows at imaginary evil spirits 
supposed to be hovering in the vicinity of the patient. 

The Pimas know many herbs which they use as food at times when 
wheat is scarce, bat they liave no knowledge of medical properties of 
herbs or minerals, with the only exception of a small weed, called oolon- 
drina by the Mexicans, which, applied as a poaltice, is a c^»ln remedy 
for the bite of a rattleenabe. 

It is believed that all efforts to christianize t^e Pimas would fail, not 
be<»use any of them would oppose snch att^npts, but because tliey 
all wonld be entirely indifferent to the new teachings. 

BVBIAI. OP THE DEAD.— -The Flmas tie the bodies of their dead with 
ropes, pasdag the latter aronnd the neck and under the knees, and 
then drawing them tight until the body is doubled up and forced Into a 
sitting position. They dig the grave from four to five feet deep,, and 
perfectly roand, (about two feet diameter,) iwd then hollow cat to one 
side of the bottom of this grave a sort of vault large enongh to contain 
the body. Here the body is deposited, the grave is filled up level 
with the ground, and poles, trees, or pieces of timber placed npon the 
grave to protect the remiuns from the coyotes, (a species of wolf.) 
Bnrials usually take place at night without much cereuumy. The 
monmers chant daring the burial, but signs of grief are rare. The 
bodies of their dead are buried, if possible, immediately after death has 
taken [dace, and the graves are generally prepared before the patients 
die. Sometimes sick persons (for whom the graves had already been 
dug) recovered ; in snoh cases the graves are 1^ open until the persons 
for whom they were intended die. Open graves of this kind can be 
seen in several of their bnrial-gronndB. Places of burial are selected 
Bfwie distance from the village, and, if pos^ble, in a grove of mesquite 
bashes. Immediately after the remains have been buried, the hoose 
and personal effects of the deceased are burned, and his horses and 
cattle killed, the meat being cooked as a repast for the mourners. The 
nearest relatives of the deceased, as a sign of their sorrow, remain 
witbia their village for weeks; and sometimes mcmths, the men ent off 
aboat six inches of their long hair, while the women cut their hairquite 
short. (The Pima men wear their hair very loogj many have hair 
thirty-six inches long, and often braid it in strands; only the front hair 
is cat straight across, so as to let it reach the eyes. The women, who 
also cut the front hair like the men, part their hair in the middle, uid 
wear it usually long enough to let It reach a little below the shoulders. 
The hair is their only head covering. The men are proud of long 
hair, braid it and comb it with care, and to give it a glossy appearance 
frequently plaster it over with a mixture of black clay and mesquite 
gum. This preparation is left on the hair for a day or two and is theu 
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Trashed out, when it leaves the hair not only black and glossy, but also 
free trom. vermitt.) 

The cnstoni of destroying all the property of tiie hasbaod when he 
dies imxKiTerishes the widow and diildien and prevents increase of stock. 
The womea of the tribe, well aware that they will be poor sboold their 
hnsbands die, and that then they will have to provide £» tiieir ehildreK 
by their own exertions, do not care to have many children, and in£anti- 
cide, both before and after birth, prevails to a very great extent. This 
is not conddered a crime, and old women of the tribe practice it. 
A widow may marry again after a year's mourning for her first hosbfuid ; 
but having children, no man will take her for a wife and thus harden 
himself with her children. Widows generally cultivate a small piece 
of ground, and friends or relatives (men) generally plow tlie ground for 
them. 

Mabbiages. — ^Marriages among the Fimas are eateted into withont 
ceremony, and are never considered as binding. The lover selects a 
friend, who goes with him to the hat of the parents of the girl and asks 
the fother to give his daughter to bis friend. If the parents are satis- 
fied, and the girl makes no objectioDS, the latter at once accompanies 
her husband to bis hat, and remains with him as long as both feel 
satisfied with the compact. If, however, the girl refuses, the lover 
retires at once and all negotiations are at an end. Presents are seldom 
given nnless a very old man desires a young bride. Wives freqnently 
leave their hnsbands and husbands their wives. This act of leaving is 
all that is necessary to separate them fbrever, and either party is at 
liberty to marry some one else, only at the second marriage the assist- 
ance of a &iend is dispensed with. Instances of fidelity and strong 
affections are known, but many of the wives do not hesitate to surren- 
der their charms to men other than their husbands, which, though 
possibly disagreeable to the husband, is not considered a crime by the 
tribe. Only the worst of the women of the tribe cohabit with the whites, 
but it is nndeniable that the number of such women is increasing ttomi 
year to year. But, though this has caused a great deal of disease iu 
the tribe, which disease is rapidly spreading, still not one of the chiefs 
or old men of the nation appears to have thought it necessary to raise 
a vamingvoice or propose punishment to the offenders, and prostitntes 
are looked upon as inevitable, and are by no means treated with con- 
tempt or scorn by the Pimas. Modesty is unknown both to men and , 
women. Their conversation, even iu the presence of children, is 
extremely vulgar, and many of the names of both men and women are 
offensive. 

Generally several married couples with their children live in one hut, 
and mauy of the men who can support more than one wife practice 
polygamy. The wife is the slave of thehasbaud. She carries wood and 
water, spins and weaves, has the sole care of the children, and doesflll 
the work in the field except plowing and sowing. It t$ the Pima 
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-woman that, with patient hard labor, winnows the chaff &om the wheat 
and then carrieB the latter upon h«r head to the store of the trader, 
where the hnsband — who has preceded her on horseback — sells it, 
spending perhaps all the money received for it in the pnrcbaseof articles 
intended only for his own nse. Pima women rarely ride on horseback. 
The husband always travels mounted, while the wife trudges along on 
foot, carrying her child or a heavily laden kl-ho (basket) on her head and 
back. Women, during child-birth, and during the continnaDce of their 
menses, retire to a small hut built for this porpose in the vicinity of 
their own dwelling-place. Men never enter these huta when occupied 
by women, and the latter while here have separate blankets and eat 
f^m dishes used by no one else. 

Weapons amd manner op fighting. — The only weapons naed by 
tiie Fimas before the introduction of fire-arms were the bow and arrow 
and warKilnb. For defensive purposes they carried a round shield, about 
two feet in diameter, made of rawhide, which, when tlioroaghly dry, 
becomes so hard that an arrow, even if sent by a powerful enemy at a 
short distance, canuot penetrate it. These weapons are still used by 
them to a great extent, and, Uke all Indians, they are good marksmen 
with the bow, shooting birds on the wing and fishes while swimming in 
the shallow waters of the Gila Biver. For hunting fishes and small 
game they nse arrows without bard points, but the arrows used in battle 
have sharp, two-edged pomts made of fiint, glass, or iron. When going 
on a scoat against the Apache Indians, their bitter foes, the Fimas fi%- 
quently dip the points of their arrows into putrid meat, and it is said 
that a wonud caused by such an arrow will never heal, but fester for 
some days and finally produce death. The war-clab is made out of mes- 
quite wood, which is hard and heavy. It is about sixteen inches long, 
h^f being handle, and the other half the ctnb proper. Witli it 
they strike the enemy on the head. This weapon is even now 
very much used, for the Fimas rarely attack their enemies in open day- 
light. They usually surround the Apache rancheha at night, some 
warriors placing themselves near the doors of all huts ; then t£e terrible 
war-cry is sounded, and when the surprised Apaches crawl through the 
low doors of their huts the war-clubs of the Fimas descend upon their 
beads with a crushing force. The Fimas never scalp their dead enemies 
iu fact, no Pima will ever touch an Apache farther than is necessary to 
kill him. Even the act of killing an Apache by means of an arrow is 
believed to make the Pima unclean whose bow discharged the tatai 
arrow. They firmly believe that all Apaches are possessed of an evil 
spirit, and that all who kill them become unclean and remain so until 
again cleansed by peculiar process of purification. The Pima warrior 
who has killed an Apache at once separates himself from all bis com- 
panions, (who are not even permitted to speak to him,) and returns to 
the vicinity of his home. Here he hides himself in the boshesnear the 
river-bank, where he remains secluded for sixteen days, conversiag with 
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no one, and only seeing during the whole period of the cleansing process 
an old woman of his tribe who bas been appointed to carry food to him, 
bnt who never speaks. During the twenty-fonr honra inuuediately fol- 
lowing the killing the Pima neither eats nor drinks ; after this he par- 
takes of food and water sparingly, bat for the whole sixteen days he can- 
not eat meat of any kind nor salt, nor must he drink anythingbnt river- 
water. For the first four days he Arequeotly bathes himself in the 
river ; during the second four days he plasters his hair with a mixtnre of 
niesquite gum and block clay, which composition is allowed to dry and 
become hard upon his head, and is washed out during thenight of the 
eighth day. On the ninth morning be again besmears his bead with black 
clay witlioiit the gam ; on the evening of the twelfth day he washes his 
hair, combs it, braids it in long strands, and ties the end with red ribbon 
or ashawl ; and then for four days more frequently washes his whole body 
in the Gila Eiver. On the evening of the sixteenth day he retains to 
his village, is met by one of the old men of his tribe who, after the war- 
rior has placed himself at full length upon the ground, bends down, 
passes some of the saliva in his mouth into that of the warrior, and 
blows hia breath into the nostrils of the latter. The warrior then 
rises, and now, and not until now, is he again considered clean ; bis 
friends approach him and joyfully congratulate him on his victory. 

The Apache Indians, the moat savage on the continent, daring the 
past twenty years have murdered hundreds of whites and Mexicans, 
and hare thus obtfuned a large supply of fire-arms and ammaniti<»i. 
In order to cope with them saccessfolly the Pimas have purchased many 
guns and pistols, and are now tolerably well armed with improved 
weapons. No restriction has ever been placed on the sale of arms and 
ammunition to these people. 

The Pimas never capture Apache men. These are killed on Hie field, 
but women and girls and half grown boys are brought back to the reser- 
vation at times, though frequently all the inhabitants of the Apache 
village are killed. 

Apache prisoners are rarely treated in a cruel manner. For the first 
week or two they are compelled to go from village to village and are 
exhibited with pride and made to join the war-dance. Often, too, the 
peculiar war-whoop of the Apaches is sounded by some old Pima squaw 
as a taunt to the prisoners, but after the lapse of a few weeks tbey are 
treated kindly, share food and clothing with their captors ; and generally 
become domesticated, learn the Pima language, and remain npon the 
reservation. Instances have occurred when Apache prisoners have 
attempted to escape, but they have invariably been overtaken and killed 
as soon as recaptured. Quite a number of captured Apache children 
are sold by the Pimas to whites and Mexicans. These children, if prop- 
erly trained, are said to become very docile and make good hoase-aer- 
vants. 

In rare instances a Pima will even marry an Apache woman after she 
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has resided for two or three years on the reserTatioD,bat geaerally full- 
grown Apache women become public prostitutes, aod their owners 
appropriate the money received by these women from degraded white 
men. 

Pima dtdustby and food. — ^Tbe men do not labor except so far ae 
is necessary to enable tbem to raise a crop. Each village elects two or 
three old men, who decide everything pertaining to the digging of 
acequias and making of dams, and who also regulate the time during 
which each land-owner may use the water of the aceqoia for irrigating 
purposes. Each village has constrocted years ago an aceqoia, (irrigating 
canal.) In order to force the water of the Gila River into their acequias 
the Fimas dam the river at convetuent spots by means of poles tied 
together with bark and raw-hide and stakes driven into the bed of the 
river. Small crevices are filled with bundles of willow-branches, reeds, 
and a weed called " gatuna." These firaU strnctures rarely stand longer 
than a year and are often entirely carried away when the river rises 
suddenly, which occurs in the spring of the year, if, during the winter, 
much BDOW has fallen upon the mountains whence the stream issues, 
and also sometimes during the summer after heavy showers. Their 
acequias are often ten feet deep at the dam, and average trom four to 
six feet in width, and are continued for miles, until finally the water 
therein is brought on a level with the ground to be cultivated, when the 
water is led off by means of smaller ditches all through their fidda. 
Having no instmments for surveying or striking of levels, they still 
display considerable ingenuity in the selection of proper places for tbe 
"heads of ditches." 

The Pimas and Maricopas have a reservation containing one hundred 
square miles and extending along the Gila Biver for a distance of neariy 
twenty-five miles ; only a comparatively small part of this area, how- 
erer, is available for agricultural purposes, for a portion of the soil od 
the reservation is strongly impregnated with alkali; some spots are 
marshy, and all the land beyond the immediate river bottom-land so high 
above the level of the river that irrigation becomes impracticable, con- 
sidering the limited means for making acequias at the disposal of the 
Pimas. 

The Indians do not cultivate all tbe land that might be tilled, for their 
fields do not average more than fi-om ten to fifteen acres to the family; 
nevertheless tbey are dissatisfied with the size of their reservation, 
asserting that their forefathers had always been in possession of a much 
larger portion of the Gila Valley, and since the valley above the reser- 
vation has been settled up by Americans and Mexicans, the Indisas 
have frequeutlyencroached upon the fields of the latter, whom they con- 
sider in tbe light of intmders, and it is apprehended that sooner or lat« 
serious difficulties will arise. 

The Pima men plow the land with oxen and a crooked stick, as is done 
by the Mexicans: they sow the seed and cot tbe grain : (the latter isdone 
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with short sickles.) Horses thrash the grain by stamping. The women 
winnow the grain, when thrashed, by pitching it into the air by basket- 
fuls, when the wind carries off tbe chaff; they convert the wheat into 
floor, grinding it by hand on their metates, (a large flat stone upon which 
the wheat is placed, after having been slightly parched over the fire 
previously, and whereupon it is groand into coarse flour by rubbing and 
crushing with another smaller stone.) Tbe principal crop is wheat, of 
which tbey sell, when the season is favorable, 1,500,000 pounds per 
annum. They also raise corn, barley, beans, pumpkins, squashes, 
melons, onions, and a small supply of very inferior short cotton. 

Tbe diet of the Pimas is very simple; animal food is used only on 
occasions of ceremony, although tbey possess large numbers of beef- 
cattle and chickens. They do not use the cow's milk, maunfactore 
neither butter nor cheese, and do uot eat the eggs of their hens. Very 
few will eat pork. But whenever tbey kill a co^, steer, or calf, they eat 
every part of it that can possibly be masticated, intestines included. 
Should an animal die, uo matter what the disease, they eat its meat 
without apparent evil effects upon their health. At times they hunt the 
rabbit, which is about the only game (quadruped) in their country. 
Fish, during the months of April and May, are also extensively eaten. 

Wheat, corn, beans, and above all, pumpkins and mesqaite-beans are 
their principal food. The latter grow wild in abundance, and millions 
of pounds are gathered annually by the women «f the tribe. These beans 
are gathered when nearly ripe, then dried hard, and when required as 
food first pounded in a wooden mortar and then boiled until tbey become 
soft. The water is then squeezed out, and the pulpy substance remain- 
ing molded into loaves, which are baked in tbe hot ashes. Tbe bread 
thus obtained bas a sweetish taste, is very nourishing, bat, being verj 
heavy, can hardly be easily digested. 

The women also collect, in proper season, the fruit of the tawarra^ 
(Columbia cactus,) out of which they manufacture the native whiskey, 
(called tistcin.) This, after one fermentation, must be used at once, foi 
otherwise it becomes sour. All Pimas are inordinately fond of this bev 
erage, and old and young partake of it nntil the whole nation are wildly 
dancing about in a drunken frenzy, until at last tbey drop to the ground 
overcome by tbe stupefying effect of the liquor. 

The women also spin and weave a coarse kind of blanket, gather 
large quanties of bay annually, which ue sold to white men, gather and 
carry all the fuel needed by their family, make the kl-ho, a peculiarly 
constructed basket carried on tbe back of the head and shoulders by 
means of a broad straw strap fitting across the forehead, manofiictnre, 
of willows and reeds, superior baskets, which are made so perfect that 
tbey will bold water, and finally excel iu the manufacture of a coarse 
kind of potteiy-ware, making jugs, dishes, plates, and all their other 
household nteusils. 
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IlfDUN MODE or MiKtHtO ABB0V-HEAS3 AND OBIlIXlXe FIRE. 

Extract of a letter from General Geortje Crook, Untied Slatea Army. 

A great portion of tbe country east of the Sierra Kevada and Cas- 
cade ranges of monntains has quantities of small slivers of obsidian 
Bcatt«red over its surface. The Indians collect these, and by laying 
their flat side on a blanket, or some other substance that will yield, 
they will, with tbe point of a knife, nick off the edges of this to the 
desired shape with remarkable facility and rapidity, making from fifty 
to one hundred in an boor. lu their primitive state they probably 
used buckskin or very soft wood instead of the blanket, and a piece of 
pointed horn or boue for tbe knife.* 

The fire-sticks consist of two pieces. The horizontal stick is generally 
from one foot to a foot and a half long, a couple or three inches wide, 
and about one inch thick, of some Boft dry wood, frequently the sap of 
juniper. The npright stick is usually some two feet long, and from a 
quarter to half an iuch in diameter, with the lower end round or ellipti- 
cal, and of the hardest material they caa fiud. In the sage-busli coun- 
try it is made of " grease wood." 

When they make fire, they lay the first piece iu a horizontal pusition, 
with the fiat side down, aud place tbe round end of the Hprigbt near 
the edge of the other stick ; then taking the upright between the hands 
they give it a swift rotary motion, aud as coustant use wears a hole in 
the lower stick, they cut a uick in its outer edge down to a level with 
the bottom of the hole. The motion of the upright works the ignited 
powder out of this nick, and it is there caught and applied to a piece 
of spunk, or some other highly combustible substance, aud from tiiis 
the fire is started. 



ANCIENT MOUXD, NEAR LEXINGTON, HBNTCCKI. 

By Dp. Robert Peter. 

The little mouud from which the accompanying 8{>ecimeus were 
taken by Mr. Fisher is on the southern bank of the North Elkhom 
Croek, in a bottom field, about 15 feet above the level of the creek at 
low water. The field has been cleared of its timber, covered with blue- 
grass, used as a pasture, trampled by cattle and rooted by bogs, as 
long aa can be recollected by the present owner and neighbors; conse- 
quently tbe mound now presenta only a gentle swelling on the level sur- 
face of the ground. It is about 70 feet in diameter, and rises in 
its center only to about 3J to 4 feet above the general level. It is situ- 
ated about half a mile west of the small, ancient, circular ditch, ou the 
bluffs of the 0. Shelton Moore place, described in Collins's History of 
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Kentncky, published in 1847, (page 29i,) and abont a quarter of a mile 
north of the larger ancient work near the dividing line, between the old 
military anrveys of Dandridge and Meredith, described in the eame 
work, of which I shall append a further description. Abont a mile and 
a half nearly north of this little moand, on the Nutter farm, is a larger 
mound, apparently abont 15 feet high. 

The manner in which these relics were discovered by Mr. Fisher was 
as follows : His attention having been drawn to the appearance of frag- 
ments of flint arrow-heads and other articles, in a hog-wallow near the 
center of the little monnd, he dug a hole there abont 3J feet deep and 

4 or 5 across, and discovered a bed of ashes abont 2} feet deep and i or 

5 feet in diameter, in which the relics I send you were found, together 
with pieces of charcoal, most of which seems to have been made from 
small stems. The copper articles were nearly alt together, and a little 
to the north of the center of the bed of ashes, while the other articles 
were scattered thronghout the same bed, in which were about a peck of 
flint arrow-heads, all evidently broken by the action of fire. The cop- 
per articles were fonnd, according to Mr. Fisher's description, in the 
following positions : The larger of the adze-shaped edged-tools, or cop- 
per axes, was lying with the concave side downward; next immedi- 
ately above it was the longest of the ornamental articles, the one 
with one ear broken oS', and with the rust scraped off from the other. 
It was lying crosswise, with the ear next to the broader end of the 
lower piece. Above these was the second ornamental article, the one 
having a piece of flint arrow-head attached to it; this was lying with 
the flint upward and the horn downward. It has a fracture in the 
surface of the rust, on the lower side, corresponding to a piece of the 
same attached to the top of the charcoal on the adze-shaped article 
which lay below it ; the ear was resting on the broad end of t^at article. 
Close to these, and with one horn onder the pile described, was the 
largest article, nearly square in shape, with one horn curled and another 
broken off about three-fourths of an inch from the body. The smaller 
broken adze-shaped article was lying on this diagonally. The broken 
horn was found near by. There were three hemispherical articles of 
iron fonnd, of which two are sent, and several pieces of sandstone, 
similar to the coarsest ones sent. 

The siognlar pieces of stone with holes bored through them seem to 
have been fractured by Are. Others, somewhat like these in shape, 
each with two holes, ma<)e of the native sulphate of baryta, which 
occurs in numerous seams in our limestone rock, are frequently found 
in this neighborhood on the sorface of the ground. I send two in the 
box, and a hemispherical piece of the same material. They may be dis- 
tinguished by their whiteness from those taken from the moand. 

It is remarkable that alt the fragments of bones found in this mound, 
in Mr. Fisher's digging, are of the lower animals, and seem mostly to 
have been worked or carved for useful or ornamental purposes. No 
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baman osseous remains were seen. If this mound vas made to cover 
the dead, the bones have either been entirely destroyed in the lapse of 
time, or the bodies vere laid in the ontside circumference of the moand, 
aroand the fire, perhaps so that they were bcyoud the hole made by Mr. 
Fisher. This question may, however, be settled by dig^og a trench 
across the diameter of the mound. 

The copper of which these ax-shaped and ornamental articles are 
made is doubtless the native metal. I can Jliscover no sign of any in- 
scription or carving upon them. The great length of time daring which 
they have been buried is shown by the conversion of the whole thick- 
ness of the copper, in some places one-fourth of an iuch thick, as in the 
little axe, into carbonate and red oxide of copper. 

As you will see, the carbonate of copper from the copper pieces has 
been diffused over the charcoal and other surrounding objects, so as to 
serve as a cement attaching them firmly together. 

It is dif&cult to imagine the use of the flat square, or oblong square 
copper articles with the two curved horns at one end. Perhaps they 
were ornaments to bo suspended &om the neck ! N^either can we tell 
the object or applications of the stone shaped -like the button of a door, 
with the two bored holes tbroagb them. 

On October 20, 1838, 1 made a measurement of this ancient work, 
partly on the Meredith farm, and I give you the subjoined extract from 
my notes made at that time : 

'' This large, nearly circular work is situated on a slight hill, where 
the comers of the Meredith, Breckinridge, (Dale,) and M»ore farms 
meet near the Iforth Elkhom Creek. It consists of a ditch, in some 
places, six feet deep. The earth has been thrown up generally on the 
' ontside, but sometimes on the inside, with no raised pathway at present 
visible. 

"This work where the native forest is still left, covered with as 
large timber as in any part of the surrounding country, and trees, as 
large and old as any, are growing in the ditch and on the embankment. 
Measured in a direction dortb 53<^ east, it is 1,138 in diameter. In the 
direction south 72° east it is 1,221 feet in diameter. Its circumference, 
taken by carrying tbe chain around in the middle of the ditch, is 3,679 
feet. 

" Abont 2,100 feet distant from this old circular work, in a northeast 
direction, on a higher biUor ridge, on the farm of C.Shelton Moore, is a 
smaller but better preserved work, of somewhat similar construction ; 
the ditch is still very regular, being fully eight feet deep. The circular 
platform defined by this ditch is on a level with the top of the outside 
wall, and seems to have been raised above the common surface of tbe 
ridge. It has large trees growing on it and on the sides of the ditch. 
It is perfectly circular, and measures 132 feet in diameter. A raised 
passway on a level with the platform interrupts the ditch on the north- 
west side. 
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** In the hollow between the hills on which these two ancient works 
are sltoated is another small ditch, quite shallow, inclosing a circle of 
about 82 feet in diameter." 

In Collins's History of Kentucky, page 295, you will see it stated that 
in 1845 an ash tree, supposed to be fonr hundred years old, growing on 
the ditch of the larger work, "was cnt down. 

Of course, time and cultivation hare altered greatly the appearance 
of these remains since these descriptions were made, but the plow has 
not yet entirely obliterated the ditch, even in the places which have been 
the longest in cultivation, and frequently flint arrow-heads, and pieces 
of pottery, etc., are observed on the surface. Once a large deposit of 
new arrow-heads, made of horn-stone, were plowed up. 



SHELL-HEAP IX CEOBfllA. 

By D. Brown, of Luibebt\ille, New Jebset, 

Tour mention of receipts from "shell-heaps" reminds me of perhaps 
the largest shell-heap in the South, on the island of Osabaw, below 
Savannah. It had not been disturbed when I saw it, some thirty years 
ago, and may not yet have been, as the island is not in a traversed 
route. It is one of the largest of the sea islands, and was probably 
long ago a royal residence. When the island was assigned by Ogle- 
thorpe to one of his companions, Morel, ancestor of my wife, it was 
occupied by droves of wild horses and cattle, with various large aud 
small game. When afterward his sons were sent to England for edu- 
cation, peltry and furs from the island were exported to meet their ex- 
penses. 

If the mound has not yet been disturbed persons curious in such mat- 
ters might be induced to cause its excavation. 



BEUABKS ON AN ANCIENT BEIIC OF HATA SCULPTURE. 

By Dr. Aiithur Schott. 

In presenting to the Smithsonian Institution the accompanying relio 
of Maya antiquity, the donor wishes to add some remarks, which may 
be interesting to the ethnological reader. 

This specimen was received from Seiior D. Juan 
Manzano, M. D., of Valladolid, a once considerable 
town of Eastern Yucatan, where it was given to him 
some years ago, as having been picked up among the 
famous ruins of Ohichen Stz^. 

The material of which this little piece of art has been 
cut is a semiagatized xyolite, still bearing the marks of silicifled conif- 
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erou3 wood, a fossil probably foreign to the soil of the peniDBola. The 
mask of a hoinan bead or skull, ivhich this relic evidently represents, 
measures 25 millimeters from chin to the top of the forehead, and 22 
millimeters across just above the eyes. The vertical facial line is divided 
into three equal parts, corresponding respectively totbemaxillaiy, nasal, 
and frontal regions. The space between the eye-sockets measures 7 
millimeters, and the facial angle is abont 80 degrees of an arc. The dis- 
tinct employment of geometrical forms by which some of the detaUs of 
the face are limited, is a prominent feature of the design, and iQvit«6 
particular notice. 

Two circles of eqnal diameters, with their inner peripheries touching 
each other, form the ocular region. The point where these circles con- 
verge is assigned to the root of the nose. A straight horizontal Hue sepa- 
rating the upper and lower jaw and running right to the centers of four 
rings of equal size divides these latter into eight half rings, which seem 
to represent so many teeth, the four upper ones standing directly opon 
the lower. On each side of the head, and in place of the ears, two holes 
are bored, one lateral and the other firom the back, so as to meet each 
other almost under a right angle. Over the temples a shallow grooved 
line runs toward the upper part of the eye-sockets, where it is proba- 
bly intended to mark more distinctly the prominent cbeek-bones. 

As a work of art the specimen is much inferior to many others which 
have been left by the Mayas, for simple linear designs are freely substi- 
tuted for real plasticity. In other respects, however, it proves a consid- 
erable degree of mechanical skill as well in the polish of so hard a 
material as also in the obvious application of the drill. Still more re- 
markable and mythologically highly interesting is a certEUu amount of 
symbolism plainly expressed in the principal details of this specimen of 
sculpture. Here the most striking feature is shown in the twice four 
teeth, for with a race like the American aborigines, so well known as 
close' and faithful observers of natural objects, this deviation from 
reality can only be taken as an intentional representation of certain 
numerals ever recurring in their works of sculpture and architecture. 

To decipher the special meauing embodied in the present piece must 
be left to the efforts of professional mythologista. Suffice it to hint here 
at the direction in which such researches should be made. 

As to the purpose for which this little piece may originally have been 
intended, it is only conjectured that it was once worn by some person as 
a badge or amulet, for the double lateral holes seem to have served for 
passing through strings or fastenings of some kind. 

There is another fact connected with the present relic — that is, the high 
appreciation with which the arts of sculpture aud stone-cnttiog have 
been considered among the ancient Mayas. Tbey were, indeed, so 
highly esteemed that their protection bad been assigned to a special 
deity, called " Etubtun.'" This name is formed from the verb tub, to cut, 
carve, engrave, and (un, stone or rock. The H prefixed, when used as a 
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name or a nonn, gives it a male character. In the tlieogonj- of the 
Mayas Stuitun seems to have occapied the same position as Pluttis did 
in Greek aod Bomaa mjthologj-, for both were the dispeDsers of min- 
eral riches, especially metal and precious stones. Whether Htubtun 
stood in similar relation to some other kindred deity as Plutug was to 
Pluto, the writer has not been able to learn, though the very design of 
the present specimen may justify such a supposition, 

A\CIE.\I HISTOBT OP SOBTH AMERICA. 

COMMrSlCATIOX TO THE AJJTHEOPOLOGICAL SOCEETY OF YTESSA. BT DR SI. SlUCH. 
(Tnmaliited for tbeSmltluoDlaii iDStitQlioD b; ProfeuoT C. F. Kroeb.] 

The material for the ancient history of America is already so exten- 
sive, that I must content myself with a general sketch, briefly touching 
upon the different views on the origin of the aborigines and their place 
among the races. 

At first it was thought they derived their origin from the Jews, and 
Englishmen and Americans versed in biblical lore drew largely on the 
Old Testament for proofs. Soon the Carthagenians aud Phoenicians 
took the place of the Jews, to be displaced in their turn by the Egyptians 
or Macedonians as the progenitors of the Indians. Finally the blood of 
Celts and Teutons, and even of Greeks and Bomans, was said to flow in 
their veins. The most planslble reasons were found for such views, 
Arom which scarcely a people of any note was excluded. 

The report that Greek inscriptions and remains of Roman camps 
had been found in America, yon will, of course, immediately reject as 
a silly hoax. More lately, extensive remains of Norman settlements 
were said to have been discovered in the United States, and these 
were immediately employed to make up a case, with the Korse myths 
and songs, which unfortunately existed only in the imagination of the 
discoverer. 

Other American scientists, especially Morton, advocated an autoch- 
thonous race of America on the sounder basis of comprehensive anthro- 
pological studies. But this view is no longer satisfactory, for the im- 
pulse to the civUization of Mexico, Central America, and Peru, myste- 
rious as it still is to-day, not only seems to have come from without, but 
the people themselves seem to have been foreign and not native to the 
soil. The opinion, advanced a long time ago, that the original inhab- 
itants of America are of Mengolian extraction, is gaining more and more 
weight.* 

According to Professor HaeckeVs genealogy of the twelve races, the 
Mongolians separated early into three branches — a southeastern or 
Coreo-Japanese, a southwestern or Indo-Chinese, and a northern or 
Ural-Altaians. These again sent out branches westward, where they 
separated into Tnngusians, Samoyedes, Kalmucks, Tartars, Turks, 

' I find this view still furtber snpported in the iuteruting lectoK of ProfesBOt Ft. 
MUUer on the inbahitiuitB of Alaska, in which he points to tlie BimilailtT^Telidons 
views in the northeastern tribes of Asia and the Indians of Alaska. ' <> 
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Fins, aud Magyars. Anotlier braQch probably took aa easterly direc- 
tion long before giving rise to the "Arctics," who first peopled North- 
eastern Asia, and afterward crossed Behring's Straits, and passed into 
America. 

Perhaps the depressing influences of thousands of years had formed 
a deteriorated branch in Asia, the descendants of which are still repre- 
sented by the Esquimanz in the extreme north of America, while a 
soathem and more vigorons branch chose the more temperate parts of 
North America, and spread in the coarse of time over the whole con- 
tinent, lu the extreme south this race was again modified by depressing 
natural inflnences similar to those which operated in the north. 

The aborigines of America difier, as we all know, in their languages, 
and are divided into tnbes ; but the type of these tribes and the organic 
strncture of their langoages are essentially the same. Only the Esqni- 
mau£ differ from the general type, but their language is intimately 
related to those of their southern neighbors- According to this view, 
the wave of Indian population, which in the old world advanced from 
east to west, must have taken a direction from north to south in the 
new; it is confirmed, indeed, by historical and mythical traditions, as 
well as by the character of the remnants of civilization found as we 
advance from north to south. 

Greater or less portions of the population, especially in Mexico and 
Central America, seem, however, to have been in constant motion. 
This mobility is the attribute of a nation of hunters, who drive the 
existing popniatioa before them. Again, the migratory impnlse, so to 
speak, seems to belong to a certain period in the development of a peo- 
ple. It is exemplified in onr own Teutonic ancestors, whose impetnous 
advance not only caused the downfall of the Homan Empire of a thou- 
sand years' standing, bnt also involved the entire population of Europe 
in its motion. 

Passing to the relics of American civilization, it must be stated in 
advance that the determination of their age, their order, aud their wh<de 
history is as yet mnch more diCScnlt than that of European remains. 
And this for two reasons : First, because of the very gradual devel- 
opment of civilization. The form and material of ntensils and weap- 
ons remain the some during long intervals, and sometimes np to 
the historical period, whence it happens that remains, differing in age, 
perhaps, by thousands *t years, can hardly be distingnished. Sec- 
ondly, certain characteristic periods in the development of civiliza- 
tion, such as the appearance of metallic utensUs in Europe, by which a 
classification ought otherwise be effected, are wanting. Metals, espe. 
cially copper, were long used in America ; they are found in the most 
ancient deposits, while they are absent in the more recent ; bnt the use 
of cop|>er is no proof of a more advanced civilization in America, since it 
was for the most part employed in as rongh a state as that of stone. 
Pieces of copper were broken off from the native blocks by means of 
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stone hatchets, and fashioned with the hammer. The natives evidently 
had CO idea of its fusibility. For this reason, the nse of tbe metal does 
not indicate greater progress, and we are thus deiirived of a means of 
classification. 

In Mexico, Central America, and Pern, it was differeut, hoTvever. 
There vo have evidence of a high degree of skill in the working of 
metals (iron being almost the only exception) in the more recent period. 
They had advanced beyond tbe mere hammeriDg of pieces of metal 
found by accident, and understood smelting, and even attempted to 
obtain metals by mining for ores. Tbe American remains were, there- 
fore, arranged according to the places where they were found, or the 
purposes for which they were intended. But to keep in view the prog- 
ress of development, I bare taken tbe liberty of adopting the following 
arrangement: I would assume a period immediately preceding the advent 
pf the Europeans in America, and continuing for a short time atter. 
This would correspond to our historical age, and may be desiguated, in 
a restricted setise, as the historic period. 

A second epoch would include a time far removed even from tbe rec- 
ollection of the inhabitants at the time of Golnmbns, and cbaracterized 
by a different distribution of the population and other complete revo- 
lutions. To this period belong the great mounds, particularly those of 
the Ohio Valley. It might be called tbe mound period, and corresponds 
to the advanced portion of the age of stone, and tbe beginning of tbe 
age of bronze in Europe. 

The third and most ancient period would then include those discov- 
eries which point to the co-existence of man with extinct species of ani- 
mals. It corresponds to the age of the mammoth and the reindeer in 
Europe, and might be called the diluvial period. 

Utensils of all kinds, and buildings or moands, belong to tbe two more 
recent periods. The buildings of the first or historic period are found 
chiefly in the eastern parts of tbe United States and Canada, in Mexico, 
and OentralAmerica. In the United States, Canbda, and farther north, 
they consist 6f moands and bulwarks. 

The mounds of the first period are places of interment, and corre- 
spond precisely to the tvmuU in Europe. They were probably used for 
the burial of chiefs, since they contain for the most pfurt one or only a 
few skeletons. Sometimes, however, heai»s of bodies or their skeletons 
are piled np, and covered with a knoll of earth. Whether these are 
the bodiea of Indians fallen in battle, or of the victims of immense sac- 
rifices, remains undecided. They are on an average 5 feet high, with a 
base 25 feet in circumference; but there are some as high as 15 feet, 
and baying a circumference of 60 feet. That the Indians, even daring 
the time »f their first intercourse with the Europeans, erected such hil- 
locks as graves for distinguished chiefs, or to commemorate important 
events, has been proved in several cases. 

The works of defense consist of walls of earth, and rarely of stone, 
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foruislied iu each case with palisades. They are for tbe most part near 
rivers and brooks, always near water, and especially at places surronoded 
OD more than one side by water, on elevated ground, defended on one or 
more sides by natural strength of position. 

To tbe age which, in America, corresponds to our historical period, 
belong also the remnants of those grand structures, those wonderful 
ruins of palaces, temples, and cities, which, even at the present day, 
bear wituess of the high degree of civilization of their builders in 
numerous localitie8ofMexico,Tuc3tan, and Central America. AltlLough 
they are almost destroyed, and covered with luxurious vegetation, these 
remains afTord a wealth of scientific material, but I must content myself 
with merely naming them. 

The characteristic structures of the second period are the mounds, and 
tbe period itself is the period of the mound-builders. These mounds 
are of three kinds, for burial, sacrifice, and worship, and occur ia tbe 
whole Mississippi Yalley, but most frequently in the Ohio Valley, in 
the vicinity of Chillicothe. The hnriat-mounds correspond to those of 
the Atlantic States, but are generally larger. Many are as high as 60 
feet, They indicate a greater antiquity, by the more advanced stage of 
decomposition of the contained skeletons. Sometimes the bodies were 
burned and their ashes deposited in urns. Weapons, ornaments, and 
utensUs are always found in them, but remnants of food occur only in 
the more recent. Signs of fire and animal bones, probably remnants of 
sacrifices or of " wakes," are often found under the top surface of these 
monnds. Sometimes tbe chiefe of a later period were buried in the old 
mounds, and In such cases the well-preserved skeleton of the new-comer 
is found above tbe crumbling one of tbe older. An interesting case ia 
point came to light in December, 1S70, when a mound near Saint Lonis, 
Missouri, was opened by a scientific commission. It was 40 feet high 
and 300 feet long. Twenty years ago a dwelling-house was built on it 
and a cemetery instituted beside it. On digging, tbe bones of three 
different races were successively brought to light; first, those of white 
men ; in the center, those of Indians of the present day ; and bdow, 
those of the ancient mound-builders, who lived there before the Indiana 
that possessed the laud at the time of the white man's arrival. Their 
bones were deposited in two large stone chambers. 

The second class of the older earth-mounds consists of those used for 
sacrifice. They are only a foot or two high. A small depression at the 
top bears evidences of bnrnt sacrifice on the hardened clay ; and tbe 
ashes often contain objects of various kinds placed there to propitiate 
their deity or to atone for their misdeeds. These objects are almost 
without exception broken, and have suffered from fire and the effects of 
time. 

The third class is that of the temple or palace mounds, the most im- 
portant of all. They have generally the shape of truncated four-sided 
pyramids, with terraces, steps, and dam-like elevations, which are often 
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interrnpted by smaller mounds. Their dimensions are enormooB. Some 
are as high as 90 teet, and bare a length of from 500 to 700 feet at tbe base. 
Tbe npper sarface of the great pyramid in Washington County, Missotiri, 
contaius 12,000 square feet. It is the largest of a groap of eleven of 
sach moHQds. These mounds arc either found alone or in groaps; some 
are surrounded by earth-walls and others are not. Besides those of the 
Mississippi Valley, similar large earth-pyramida are found in theColorado 
Valley, where they are considered as Aztec structures. They have un- 
mistakable signs of former buildings upon them. Probably these earth- 
TForks had no other object than to ser^'c as elevated bases for temples 
and the booses of chiefs and priests. These buildings must have been 
formed of lighter material, for they have entirely disappearcil. Kever- 
tfaeless they remind us of similar but more perfectly executed buildings 
of a later time in Mexico and Central America. All investigators agree 
that their builders belonged to a, much higher civilization than those of 
the smaller grave-mounds in the east, or the Indians of the present day. 
It is said that the utensils from these monnds are worked with much 
more skill, and that some among them justified the coDclnaion that the 
bnildera followed agricultural pursuits. Another remarkable circum- 
stance is, that now and then copper utensils were found in the posses- 
sion of the Indians on the Atlantic coast. These, however, c£tn only 
have been such as they fonnd among the remains of the more ancieut 
race ; since iuvestigatiooa of the Lake Snperior copper region prove 
that the knowledge of making use of these copper-ore deposits had 
already been lost at the time when the Europeans took possession of 
America. Indeed, copper utensils are found only in the earth-works of 
tbe older, but not in the mounds of the more recent period. 

The mere presence of these large earth-works, however, with their 
inclosures or bulwarks, is sufficient proof of a more highly developed 
people, who were no longer nomadic. I cannot help thinking that the 
Mississippi Valley may have been at one time the home of the Aztecs 
and Toltecs, who there erected, so to speak, the first crude models of 
their later wonderful atrnctnrea, and then moved southward from un- 
known causes, carrying with them their higher civilization, and develop- 
ing it still further in their new homes; while the inferior race, which 
took possession of their abandoned dwellings, remained without knowl- 
edge of the rich ore deposits. 

There are also earth-works of another kind, similar to those in the 
Atlantic States, which doubtless ser^'ed as fortifications. Some probably 
were inclosures of small villages ; for they are usually found near sin- 
gle or around whole groups of mounds, and have the ditch on the inner 
aide. They frequently inclose large areas, but not a trace is left of the 
dwellings, which may have been within. i 

A very peculiar species of earth-works are in the shape of men or 
various animals, the outlines of which they represent. Perhaps these 
partook of a religious or national chamcter, some of the tribes being 
named after certain animals. L iOOqIc 
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la the most recent period, there is an enormoas difference in the 
nature of the atensils employed by the northern and soathern peoples. 
This difference is dae to the nse of metals. In the north are found almost 
ezclnsivelf ntensila of stone, while in the south very fine ntensilfl of 
copper, bronze, gold, silver, &c, occur besides. If the report is true 
that arrow-heuds of iron were found in possession of the inhabitants of 
some parts of South America, these can only have been made of 
meteoric iron. 

The utensils occur in the same manner as in Europe. They are found 
in the tomb-mounda, where they were deposited with the dead j or in the 
altar-monnds, where they were brought as a sacrifice, or rather a gift of 
propitiation to their deity. In the latter case they are usually broken 
to pieces, probably on purpose, injared by Are, and mixed with the ashes 
of the Tictims. They are frequently brought to light by the plow or 
by violeit rains, which wash away the soil, and lay bare the heavier stone 
. utensils. The distribution •£ settlements is also similar; often consid- 
erable regions are without any, while they are very nnmerons in more 
favorable localities. In iN^orth America, they are most frequent in valleys, 
where they are recognized by an abundance of fragments of vessels on 
the surface of the soil. 

Sometimes earth-heaps similar to the Danish EjokkenmQddings indi- 
cate the spots where those old settlements stood. They have been latdy 
investigated in several eases by Wyman, Morse, and our indefatiga- 
ble countryman, Charles Bau. Their appearance is the same as in 
Europe, with the difference, of course, that the animal remains belong 
to different species. Among the masses of broken shells, tliey contiuo 
more or less numerous utensils of stone and bone along with potsherds. 
They occur along the whole Atlantic coast. Near Keyport, New Jersey, 
on au island north.of Du Franjais Inlet, at Crouch's Cove, Ooose Island, 
in Gasco Bay, Eagle Hill, at Ipswich, Massachusetts, Long Islmd, and the 
mouth of the Altamaha River, In Georgia. Traces are also found along 
the coasts of Massachusetts, Kewfonndland, Nova Scotia, Florida, and 
California. A pori.ion of the city of New York is said to be built upon 
such deposits. To what period they belong, or whether they belong 
to dififerent periods, has not yet been determined. Finally, we most 
mention the relics of human civilization found by the German 
North Pole Expedition in Greenland, and brought home by it from 
the abandoned huts of the Esquimaux. They probably belong to a 
comparatively recent time. 

The tools, weapons, vessels, and ornaments of the inhabitants of 
America probably remaine<l unchanged for very long periods of time. 
Only the Mexicans made considerable progress in the latest period; 
but we know that even they had not yet given up their knives of obsidian, 
although they might have made them of bronze. Montezuma himself 
wielded the terrible Mexican sword, the edge of which was composed 
of pieces of obsidian, and you can even to-day admire his stone battld- 
ax in the Ambras collection. C .OOQ Ic 
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Tbe objects found in tbe ^orth are chiefly arrow-heads, as might be 
expected in the case of a people of hunters and warriors. In the col- 
lectioa before you, there are specimens of the varioaa shapea, some 
scarcely au inch long and having a rounded point, while others are more 
than three inches in length. Precisely similar in shape and material, 
(tbe latter being pure quartz, flint, chalcedony, jasper, rock-crystal,) 
only larger, are tbe lance-beads. The royal mineralogical cabinet is in 
possession of a magnificent arrow-head of pure rock-crystal, evidently 
of American origin. It is remcrkable that many lance and arrow heads 
slant oneqaally on the two edges, so that the arrow or lance wonld 
assume a rotary motion on being discharged. 

Tbe knives were also made of flint and obsidian by breaking them off 
from suitable blocks by means of a single blow. They difTeir in no way 
from the European. The Indian wedges are also like those found in 
Europe, a circumstance that need not surprise ns in an instrument of 
so primitive a nature. The specimen before you, with its rounded sides, 
was taken directly In the hand, aud used to skin larger animals. 

Tbe hatchets, of which three specimens are before you, are of a shape 
peculiar to America. They are provided with a deep groove nnder the 
neck running aroaod tbe sides, into which was fitted a forked branch 
forming tbe handle. From their frequent occnirence we conclude that 
they were the most usual weapon, which was later and only gradually 
supplanted by the iron tomahawk. Hammers with boles to receive the 
handle are rare. 

Among the other stone instruments, the grindstones differ also from 
the European, being of the shape of stones used for rubbing np colors. 
Larger disks, concave on both sides, were probably nsed in games, aud 
smaller ones of various shapes, and pierced with boles, may have served 
as ornaments. The oval stone before yon, with a groove running all 
aroand it, may either have been a piece of ornament, or a sinker for 
a net. 

Which shapes and which material belong to tbe earlier, and which to 
the later times, will probably be determined only after long researches. 
Dr. Dickerson, of Philadelphia, claims an age of three thousand five 
hundred years for these arrow-beads, which were found in one of tbe 
jUississippi States. Among them you perceive half-finished and spoiled 
pieces. Those made of qnartz correspond in shape with the iron 
arrows of tbe present day, of which yoa also have a specimen before 
you; they are, therefore, very likely tbe more recent. Among the 
metallic utensils, we most first mention the copper hatchet, au imi- 
tation of the stone wedge attached to a clnb like tbe Celtic ax, 
a chisel, and lance-beads. Among tbe ornaments are perforated copper 
plates, concave disks, objects resembling buttons, small round disks of 
tUin copper plate, or wire for stringing on a thread, like pearls. The 
copper was doubtless taken to Central America from the Lake Superior 
copper region. 
Tbe iubabitants of Mexico and Central America had made great prog- 



432 ETHN0LCM5Y. 

ress in. tbe working of gold, silver, copper, and tin. They made aot 
only weapons and ornaments of metal, but also vessels showing a high 
degree of skill. Tbey alloyed copx>er and tin, and manofactored bronzed 
utensils, to which they imparted considerable hardness by hammering. 
But the arrow-heads and knives of obsidian remained in use at the same 
time ; the latter probably in consequence of their being osed, in the 
terrible human sacrifices, to open the breast of the victim and cat ont 
the heart. Immense numbers of sach obsidian knives, as well as arrow- 
heads and chips, are still fonnd in various localities. A mountain dis- 
tinguished for the large number of these objects is still called "the 
mountain of knives." The inhabitants of the Mississippi Valley ob- 
tained the obsidian arrowheads from Mexico in exchange for other 
articles. 

The pipes are peculiar to America. They are called mound-pipes, 
on accooDt of tbeir being found almost exclusively in the altar-mounds. 
The Indians were in all probability the first smokers, and so great was 
the esteem in which they held the enjoyment derived from it that they 
devoted more labor and skill upon their pipes than upon their weapons. 
The pipes are of stone, with a base in some cases 5 inches long, one end 
of which forms the stem. The bowls are in the center of the base and 
are about 1 or 1^ inches high. These bowls are in most cases fashioned 
in imitation of hnman heads, with all the characteristics of the Indian 
race npon them, or various animals, which are so futhfnl that they can 
be recognized at once ; a fact which is the more surprising, since the 
pipes are fashioned of a single piece of very hard stone. The pipes of 
b^ed clay fonnd in New Tork and elsewhere seem to belong to a later 
period. 

The Indians of to-day also devote considerable attention to the 
adornment of their pipes. Many are cat from the red pipe-clay of the 
West, which was discovered by the celebrated artist and ethnographer 
Catlin. The beds of this clay were considered as on neutral ground by 
the Indians. 

Among the other objects, which I have only time to name, are needles 
and bodkins of bone and horn, pearls of bone and of various shells, 
genuine pearls, perforated claws of eagles and bears, teeth of wild-eats 
and of the shark, perforated bits of mica, and the like. The vessels 
of clay, however, require a more detailed consideration. They also 
show some resemblance to the products of the corresponding era in 
Europe. They were all foshioned without the potter's wheel ; in many 
cases baskets of willow or mshcs served as models. They were cov- 
ered inside with clay and placed with it in the fire. Thus the wicker- 
work left its impression on the outside of these vessels. This method, 
according to Catlin, was still practiced in the present century. In 
some sonthem localities pumpkins were covered with clay on the out- 
side, and the whole placed in the fire. 

A great number of the vessels, like the older European ones, had a 
round bottom, and could only be used for banging up by means of a 
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projectiog edge. Tlieir forms are as varions as their dimensions. The 
material consi-sts of a black claj, mixed, as iu Europe, with quartz saud, 
or, as is the case more frequently, nith more or less finely pulverized 
shells. Sometimes theclayis used without any admixture. Iu the West 
Indies the pulverized bark of two trees, Sirtella ailicea and Moquiica, is 
used in the place of sand. This bark is very rich iu silicaijand produces 
vessels of a very fine grain, fragments of which are found in large num- 
bers in all settlements, and especially at the places of manufacture. 
One of the latter was discovered and described some years ago by 
Charles Ban. 

That the Mexican porcelain vessels should show a higher order of 
skill, might be expected after what has been said. A Portuguese writer, 
during tbe first years of the Spanish rule, declared that tbey were in no 
way inferior to those of Europe. 

Although it is not denied that there is uo reason for distiuguighing 
in America between a palaeolithic and a neolithic period, there are, 
nevertheless, autbeaticated facts which might lead to such a distinction. 
One of these is the discovery of human bones together with those of 
extinct species of animals near Natchez, Mississippi. Another is the 
discovery of a human skeleton under several layers of submerged 
forest formation in the Mississippi delta, near Xew Orleans. StUl an- 
other is tbe presence of human bones iu a limestone conglomerate 
forming a part of the coral reefs of Florida, whose age is estimatetl at 
teu thousand years by Agassiz. 

Unfortunately there has been so much exaggeration iu AmericSi, 
along with trustworthy reports, that cautiou is necessary iu accepting 
as true unusual statements, even when they have a Bcieutl&c coloring. 

From the report of the German archieologist, Dr. Koch, on the 
mastodon • found in 'Gasconade County, Alissouri, it is beyond doubt 
tbat man existed iu America as early as that animal. In another case 
flint arrow-heads were found along with bones of the mastodon in an 
uudisturbed deposit; and at the I'omme de Terre Biver, Missouri, a 
mastodon skeleton, together with an arrow-point, as found covered with 
15 feet of alluvium. 

Fiually, I must state that there is scarcely a subject which excites 
the interest of Americau scientific men so tnneh as tbe ancient history 
of their continent. Let me call your attention to the liberal support 
which they enjoy, the existing coIlectioHsinevery large city of America, 
the efforts of the Smithsonian Institution, and the donation of the 
great philanthropist, Peabody, who appropriated £100,000 sterliug to 
the establishment of a museum of Indiau antiquities. 

The greatest collection of American antiquities iu Europe is that at 
Salisbury, England ; and iu America that of the Smithsonian Institution. 
Dr. Diekerson has also a very large collection of which he is about to 
publish a catalogue. 

* 1 maat state, however, that Lyell aBsigos much less antiquity t« the American t^^ 
t* the Euiopean mastodon. '' ^ lOO^'^K 
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Br F. L. 0. BcEHHia. 

In the year 1866 the writer of this article spent the interval from the 
4tli of July to the 2«th of November in constant intercoarse with the 
Dakota or Sioux Indians, near Fort Wadsworth, Korthern Dakota 
Territory. 

Previously to his going to that outof-the-way region he had happened 
to make himself in some measure acquainted with the languages of 
several of the Indian tribes, particularly with the Chippewa tongue ; and 
be then atouce directed liis nttentioutothe language of those Indiansin 
whose immediate neighborhood he was going to reside for a, while, 
namely, the iSiouj; JVafJow, or Dakota^. 

It would take a whole volume to record his varied experience with 
those interesting tribes and the result of his etbnological and linguistic 
researches during the time he lived among them. On this occasioD, 
however, he will content himself with presenting to the reader only 
a very few faint and cnrsorj- glimpses of merely such matters as may 
arise in his recollection, and as pertain to the language of these people. 
It is hoped that his elncidation of desultory topics of this nature will 
not prove altogether auintercstiug to the ethnologist or philologies 
inquirer. 

Whenever any new tmtb is presented for onr comprehension, or any 
new subject for our study and investigation, almost invariably the first 
thing for the human mind to do, and that, too, from an inherent craving 
for logical classification, is to inquire as to what other known truth 
the less known can possibly be liuked; to what chain or series of 
analogous phenomena it necessarily belongs j in what accredited system 
it has to take its place ; with what whole or totality it is connected as a 
part; and we seem never to be fairly at ease before we have arrived at 
the point of grouping or classifying the matter iu some way or other. 
This applies also and particularly to languages. As soon as a new lan- 
guage begins to attract oiu' attention, we feel at once an eager desire to 
classify it, so much so that we often cannot patiently wait even during 
the time necessary to collect the indispensable material from which 
alone we could possibly draw any legitimate conclusions in this respect. 
We at once ask what other tongue such language is like; with what 
other it may be compared; where among the languages of the world 
it hffs to t>ake its place, &c, and hence the often over-hasty classifica- 
tions based upon mere casual and apparent i-esemblances. It is first of 
all nece,8sary, in such cases, to be able fairly to survey a Icuignage id all 
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its relations ; in its manifold diversities, its dialects, and, if possible, also 
ID its varions and successive phases of developmeut, in its primary 
forms or its original condition. 

So far as we know, the Dakota langaage, with several cognate tongnes, 
constitutes a separate class or family among American Indian lauguages, 
of which we may speak on some other occasion. Bnt the question at 
present is, whence does the Dakota, with its related American tongnes, 
comet From what trnnk or parent stock is it derived I Ethnologists 
Rte wont to point us to Asia as the most probable source of the pre- 
historical immigration from tfie Old World to this continent. Hence, 
they say, many if not all of our Indians must have come from East- 
ern or Middle Asia, and iu considering their respective toQgue3,fOno 
must still find somewhere in that region some cognato, though perhaps 
very remotely related set of languages, however much the affinity exist- 
ing between the Indian tongues and these may have gradually become 
obscured, and in bow many instances soever, through a succession of 
ages, the old family features may have been impaired. But they further 
allow, of conrse, that these changes may have taken place to such an 
extent that this affinity cannot be easily recognized, and may be much, 
even altogether, obliterated. 

When we consider the languages of the great Asiatic continent, of 
its npper and eastern portions more particularly, with a view of dis- 
covering any remaining tnice, however faint, of analogy with or simi- 
larity to the Dakota tongue, what do we find t Very little ; and the 
only group of Asiatic languages in which we could possibly fancy we 
perceived any kind of dim and vague resemblance, an occasional analogy 
or other perhaps merely casual coincidence with the Sioux or Dakota 
toogne, would probably be the so-called "Ural-Altaic" family. This 
group embraces a very wide range, and is found scattered in manifold 
ramifications through parts of Eastern, Kortheru, and Middle Asia, 
extending iu some of its more remote branches even to the heart of 
Europe, where the Hungarian and the numerous tongnes of the far- 
spread Finnish tribes offer still the same characteristics, and an unmis- 
takable impress of the old Ural-Altaic relationship. 

In the following pages we shall present some isolated glimpses of 
such resemblances, analogies, &c., with the Sioux language as strike ns, 
though we need not repeat that no conclusions whatever can be drawn 
firom them regarding any afliiiity, ever so remote, between the Ural- 
Altaic languages and the Dakota tongue. This much, however, may 
perhaps be admitted from what we have to say, that at least an Asiatic 
origin of the Sioux or Dakota Nation and their language may not be 
altogether an impossibility. 

In the first place, we find that as in those Ural-Altaic languages, so 
in a like manner in the Sioux or Dakota tongue, there exists that 
remarkable syntactical structure of seutencea which we might call a 
constant inversion of the mode and order in which tre are accustomed to 
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tbiuk. Tfaas, more or less, the people wlio speak those langaagw 
-would begin senteuces or periods where we end ours, so that oar thoughts 
-would really appear in their mind as inverted. 

Those Asiatic laagnages have, moreover, no prepositions, but only 
posfpositioDS. So likewise has the Dakota tongue. 

The potyggntketic arrangemeut which prevails tbroaghont the majority 
of the American ludiau languages is less prominent, and decidedly less 
intricate in the Dakota tongue than in those of the other tribes of this 
contiuent. But it may be safely asserted that the above-meationed ]ao- 
guagcs of Asia also contain at least a similar polyayntbetic tendency, 
though merely in an incipient state, a rudimental or partially devel- 
oped form. Thus, for instance, all the various modifications which the 
fundamental meaning of a verb has to undergo, such as passive condi- 
tion, causation, reflexive action, mutuality, and the like, are embodied 
in the verb itself by means of iuterpositiou, or a sort of iutercalatioD of 
certain characteristic syllables between the root and the grammatical 
endings of such verb, whereby a long-cotitinued and united series, or 
catenation, is often obtained, forming apparently one huge word. How- 
ever, to elucidate this auy further here would e\-ideutly lead us too far 
away from our present subject and purpose. We only add that post- 
positions, pronouns, as well as the interrogative particle, &c., are iflso 
commonly blended into one with the noans, by being inserted one after 
the other, where several such e^Lpressious occur, in the manner al- 
luded to, the whole being closed by the grammatical terminations, so 
aa often to form words of considerable length.' May we not feel au- 
thorized tO'iiifer irom this some sort of approach, in however feeble a 
degree, of those Asiatic languages — through this priuciple of catena- 
tion—to the general polysyntbetic system of the American tongues t 

We now proceed to a singular phenomenon, which we should like to 
describe technicnlly as a sort of " redupUcatio inte>miiva.'" It exists in 
the Mongolian and Tarco-Tartar branches of the Ural-Altaic group, and 
some vestiges of it we found, to our great surprise, also in the language 
of our Sioux Indians. 

Tills reduplication is in the above-mentioued Asiatic languages 
applied particularly to ai^ectives denoting color and external qualitiei, 
and it is just the same in the Dakota language. It consists in prefix- 
ing to any given word its first syllable in the shape of a reduplication, 
this syllable thus occun-ing twice— often adding to it (as the case may 
be) a "p," &c. 

The object — at least in the Asiatic languages alluded to — is to express 
thereby, in many cases, a higher degree or increase of the quality. Ad 
example or two will make it clear. Thus we have, for instance, iu Mon- 
golian, khara, wbicb means black, and KSApickara with the meaning of 
vcrg blade, entirely black ; tsagan, ickite, TSAj^tsagan, entirely ichite, &c, 
and in the Turkish and the so-called Tartar (Tatar) dialects of A^atut 
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Bassia, kara, bUtck, and KAp-A-am, very black; gary, yelloic, and SAp- 
tary, entirely yellotc, &c. 

Now, io Dakota, we And sapa, black, and with the rednplicatioD, sAp- 
aapa. The' reduplicatiou here is, indeed, a reduplication of the syllable 
sa, and not of sap, the word heing sn-pa, and not sap-a. The " j> " in SAp- 
aapa ia inserted after the reduplication of the first syllable, just as we have 
seen in the above kara and KAykara, &c 

In the Ural-Altaic languages " m '' also is BOmetimes inserted niterthe 
first syllable; for instance, in the Turkish beyaz, white, and BEm-^^cr^, 
Ten/ white, &c. If we find, however, similar instances in the DAltOTA 
language, such as iepa,' which means fleshy, (one of the exta-nal qual- 
ities to which this rule applies,) and liEm-^f^ra, &c., we must contider 
that the letter "m" is in snch cases merely a contraction, and replaces, 
moreover, another labial letter ("i*") followed by a vowel, particularly 
" a." Thus, for instance, iom ia a contraction for copa, gam for gajw, 
Kam for ha^a, sketn for skepa, om for opa, torn for tojM, &c So is 6em, 
in ottr example, only an abridged form of cepa ; hence " j» " stands here 
for "p" or "j«i," and belongs essentially to the word itself, while in those 
Asiatic languages the "m" is added to the reduplication of the first syl- 
lable, like the "p" ia KAp-ftara, &c. We have, therefore, to be very care- 
ful in onr conclusions. 

The simple doubling of the first syllable is also of frequent occnrrence 
in Dakota; foriustance, gi, firotcn, and gjgi, (same meaning;) «nt, cold, and 
misni ; ko, quick, and koko, &c. 

There are also some very interesting examples to be found in the 
Dakota language, which strikingly renund us of a remarkable peculiar- 
ity frequently met with in the Asiatic languages above advertt-d to. It 
consists in the an(aff»jit8iw in /orm, as well as in meoniwjr, of certain words, 
according to the nature of tiieii vowels ; so that when snch wonls contain 
what we may call the strong, full, or hiird vowels, viz : a, o, it, (in the cou- 
tinental pronunciation,] they generally denote strength, the male sex, 
affirmation, distance, &c., while the same words with the weak or soft 
vowels e, i, — the consonantal skeleton, frame, or ground-work of the word 
remaining the same, — enpress weakness, tbe female aes, negation, proximity, 
and a whole series of corresponding ideas. 

A few examples will demonstrate this. Thus, for instance, the tdeaof 
"/aUicr" is expressed in Mantchoo (one of the Ural-Altaic languages) 
by ama, while "mother" ia etneJ' This gives, no doubt, but a very in- 
complete idea of that peculiarity, but it will, perhaps, be auflicient to 
explain in a measure what we found analogous in the Dakota language. 
Instances of the kind are certainly of rare occurrence in the latter, and 
we will content ourselves with giving here only a very few examples, in 
which the above difference of signification is seen to exist, though the 
significance of the respective vowels seems to be just the reverse; which 
would in Qo wise invalidate the truth of the preceding statement, since 
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tbe same inconsistent alteration or anomaly irequentlf takes placo also in 
the family of Ural-Altaic languages. [For farther developments, seethe 
ifotes at the end of this article.] 

ThuB we find in the Dakota or Sioui language, hEpaij, (second »oji of 
afamily,)and hApaij, (second daughter oi atdxals ■,) 6li],^i\erbrother,iv^, 
elder sister^* c'lqksi, son, i\jTi^s\, daughter, &c Also, tbe demoustratlves 
koi), that, and km, this, tlie, (the definite articles,) aeem toc<Hne,iuBome 
respects, under this head. 

To investigate tbe grammatical stmctureof langnagesfromacompar- 
atiYe'poiiitofviewiSjboweverjbutonepart of theworkof tbephilologist; 
the other equally essential part ^ionsists in tbe study of the werils them- 
selves, the very material of which languages are made. We do not, as 
yet, inteod to touch on the question of Dakota words and their possible 
affinities, bat reserve all that pertains to comparative etymology for some 
other time- The identity of words in different languages, or simply their 
affinity, may be either immediately recognized, or rendered evident 
by a regular process of philological reasoning, especially when such 
words appear, as it were, disguised, in consequence of certain alterations 
due to time and to various vicissitudes, whereby either the original 
vowels, or the consonants, or both, have become (Ranged. Then, also, 
it frequently happens that one and tbe same word, when compared in 
cognate languages, may appear as different parts of speech, so that in 
one of them it may exist as a noun, and in another only as a verb, &c. 
iloreover, the same word may have become gradually modified in its 
original meaning, so that it denotes, for instance, in one of the cognate 
languages, the genus, and in another, merely the species of the same thing 
or idea. Or it may also happen that when several synonymous expres- 
sions originally existed in what we may call a mother language, they 
have become so scattered in their descent that only one of these words 
is found in a certain one of the derived languages ; while others again be- 
. long to other cognate tougnes, or even their dialects, exclusively. 

The foregoing is sufficieut to account for tbe frequent failures in es- 
tablishing the relationship of certain languages in regard to tbe affinity 
of all their words. 

On this occasion it will be enough to mention, in passing, as it were, 
one or two of tbe most fiequently used words, such as the names of 
father, mother, &c 

In regard to these most familiar expressions, we again find a sor- 
I)risiug coincidence between tbe tongues of Upper Asia (or more ex- 
tensively viewed, tbe Ural-Altaic or Tartar-Finnish stock of langiiagesj 
and the Dakota. 

Father is in Dakota ate; in Torco-Tartar, ata; Mongolian and its 
branches, etsii, etsige; in the Finnish languages we meet with tbe 
forms atfje, ata, &c. ; they all having at {= et) as their radical syllable, 
l^ow, as to mother, it is in the Dakota language ina; and in the Asiatic 
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Again, we find ia the Dakota or Sions language tootn, Tvliich meaus to 
appear, to be visible, mamfest, distinct, clear. Now, we have also in all 
tUe Tartar dialccta tat), tang, which means, let, light; bcJice, dawn of 
the momiiig ; 2d, understanding. From it is derived tani, which is the 
stem or radical part of verbs meaning to render manifest, to make hioten, 
to know; it also appears in the old Tartar verb-stems tang(la), meaniug 
to understand, aiid in its mutilated modem (and western) form, ang{la), 
without the initial "t," which has the same siguificatiou. We may 
mention still mama, which in Dakota denotes the female l>reaat. We 
might compare it with the Tartar meme, which has the same meaning, 
if we bud not also in almost all European languages the word mamma, 
(=s mama,) with the very same fundamental signification, the children 
of Tory many different nations calling their mothers, instinctively, as it 
were, by that name, {mamma ^ mama, &c.)* 

We may also assert that even in the/ormation of words we find now and 
then some slight analogy between certain characteristic endings in the lan- 
guages of Upper Asia and the Dakota tongue. Thus, for instance, the 
termination for the "nomen agens^ which in the Dakota language is sa, 
is in Tartar tei, si, and dchi ; Mongolian tchi, &c. We also find in Dakota 
the postposition ta, (a cunstituent part of ekfa, in, at,) which is a locative 
particle, and corresponds in form to the postpositions ta and da, and 
their several varieties and modifications, in the greater part of the Unil- 
Altaic family of languages. The same remark applies in a measure to 
the Dakota postposition c, which means to, toward, &c,* 

In pointing out these various resemblances of the Sioux language to 
Asiatic tongues we in no wise mean to say that we are inclined to believe 
in any afQnity or remote relationship among them. At this early stage 
of our researches it would bo wholly preposterous to make any assertions 
as to the question of affinity, &c. All that we intended to do was simply 
to bring forward a few facts from which, if they should be further corrob- 
orated by a more frequent recniTence of the phenomena here touched 
npon, the reader might perhaps draw his own conclusions, at least so 
far as a very remote Asiatic origin of the Dakota language is concerned. 
Further investigations in the same direction might possibly lead to more 
satisfactory results. 

After having hitherto considered the Dakota or Sioox language 
somewhat in connection with other tongues, we shall now say a word 
more about that language viewed independently, in its own natural 
growth and development. 

Yowei changes, although far less important in themselves than conso- 
nantal permntations, occur very abundantly in the Dakota language. 
Changes of that kind bear to each other nearly the same relation that 
the English "and" bears to the German "und,"&c., only that those forms 
exist, and are contemporaneously used, in one and the same language. 
Thus, for instanoe, the Dakota Indians call the Iowa tribe "ayfibba," as 
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as well as ** cwaciij ; " " ywkoijpi," as well as " yakoopi," is used to expreas 
arc, (of tbe verb " to beJ") We have also double forms of words, differ- 
iDg only in tbe vowel they contaiu, each as kpo, kpe, {laating, durable^ 
&c. ;) kta, kt«, (to kill ;) spa, 8i)e, &c. 

Sometimes, however, the difference of a vowel occasions also some 
slight modifieatioD in the meaning; for instance, onataka and iuataka, 
both implying the same idea, only the former being the verb, the latter 
the noun; wowinihaij, aire; wawiuihaq, awful; oikoiya, arch; aud 
aekopa, ardied, &c. 

In the Dnkotn language, we mast add, it is of the highest importance 
that tbe philologist should, when comparing (Fonls with difierent 
vowels, be exceedingly careful not to see in them always merely doable 
forms of one aud the same espression. For, iu this language it often 
ha[ipen8 that syllables which diSer only in their vowels are neverthe- 
less sometimes of an essentially different origin, and may denote ideaa 
wholly heterogeneous, and thus enter as parts into compounds in all 
else similar to each other. Thus, for instance, wadas'a means a beggar; 
wodas'a means the same. Nevertheless, they are different compounds, 
the former meaning simply one wlio asks/or something, who begs, while 
the first syllable of the latt«r, namely, wo, is an entirely different word 
from wa, and means /ood; so that woda s'a alludes to begging food, beg- 
ging for aomething to eat. Equal caution is necessary when comparing 
words like the following, which in their constitQent parts are by no 
means identical, viz: yawa^te and yutvaite, botb meaning to bhts. 
They have both the word wa&te, good, in common ; but yo-waSte means 
literally to call good, and yu-wa£te to tnake good. The same is the case 
with yatai)in and ytttagiii, which meivus to disclose; yoouifaai) and yiio- 
niliai], to glorify ; yahepa and yuhepa, to imbibe, and a great many others. 

Wo close these remarks with a few words on the harmonious character 
of this language. Vowels undergo changes not only for the purpose of 
expressing various modifications of tbe original meaning, but also for 
mere euphonic reasons. There is, in fact, a greater tendency iti tbe Da> 
kota language to bring about a constantly harmooions, smooth, graceful, 
and easy flow of speech than in almost any other of the known Indiwi 
tongue. Thus, we frequently find the vowel a, for the sake of euphony, 
changed to e; and lor the same reason, any possible hiattu carefolly 
avoided by elisions, while semi-vowels are frequently inserted where 
two vowels would otherwise come into immediate contact with each 
other and impair the haimouiousness of tbe sound. Contractions 
are also used fur the same purpose, and the accent or stress of voice 
moves, according to certain laws, from one syllable to the other iu the 
inflectional chauges which a word undergoes, whereby the language 
becomes often very pleasing and majestic. Indeed, if a comparison 
were allowed of the widely-different but fkr more flexible and varied 
('hippewa, and our more slowly-moving, grave, aud manly Dakota Ian- 
giuige, we would veutore to compare, as for a6 euphony aud sonoroas- 
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ness are conceraed, the former with the Greek and the latter with the 
Latin laoguage. lu regard to the accent, we may also mention that in 
some iDStances difference of accentnation in a word is, in Dakota, 
resorted to as a means of distiugnisliing homophonous espressions with 
different meanings, snch as, for instauee, wonld be in Eiigljuh prisent 
and to present or in German "g^bet," {give ye,) and "gebi^t," (prayer;) 
or iu Greek dc»rf>zuf and ^eoroxu^, &c. Thus, in Dakota, kuta means the 
root of a tree or plant, while kutd denotes the shore of a river or lake, also 
the edge of a prairie or wood. Gonsoaajits also often nndergo changes 
merely for the sake of eupltony, thus, gutturals become palatals, and 
the change of fc to <! (tch) is of frequent occurrence, though in all such 
caseR care is taken not to obscure thereby the indication of any etymo- 
logical changes which words may hare undergone, either by combina- 
tion or inflection. 

We often find double forms of a word simultaneonsly existing, one of 
them, however, being the older, the more complete; the other, the more 
recent but already decaying and impaired form, which finally will 
supersede the former, and remain alone in nse. Thas, to give a simple 
instance, chosen from a great number of similar examples, freiiuently. 
very complex, intricate, and obscure, wipi, in Dakota, means full} 
but in the coexisting form, ipi, full, the "w" has already begun 
to disappear, although both forms, v/tpi and ipi, are used, and will be 
until the former (toipi) becomes by degrees obsolete.'' Other instances 
are, vroniya and oniya, (breath;) wipata and ipata, {orjiament ;) 
"Wihdi and ihdi, [grease, oiRtment;) woiuha and oiuka, [a bag,) &c We 
mast, however, be very careful not to mistake the significance of "w" in 
such forms where, in one, its presence constitutes simply au addition to 
the word, a sort of formative prefix, and, in the other, its absence is in 
Dowise an elision, for it is frequently found used as an element in the 
I'onuatiou of certain derivatives or compounds. Thus, for instance, the 
prefix "iPo" before a word commenciug with a yowel becomes reduced to 
a simple "w," in consequence of the elision of "a," for euphonic reasons. 
It may also happen that the "w" serves to distinguish certain modificar 
tions in the meaning of a word, so that the two forms, thongh closely 
related, can no longer be considered as altogether identical. Instances 
of this kind are, Vfopetoi) and opetott, two verbs which are, indeed, often 
confounded with each other, and used indiscriminately to express trad- 
ing f while, however, strictly speaking, opetoii means to purchase, to buy, 
to hire, and wopetoii, to buy, bat also to buy and sell, to trade. Woura, 
to paint, to write, forms, by the addition of "pi," the usual ending of 
verbal uonns, tbe word wowapi, which means a writing, a book; while 
otcapi means more particularly a picture, something that is painted or 
lettered, though these differences do not always seem to be kept distinct, 
Kowapi being, in tbe Dakota dialects, used also for painting, picture, for 
. n letter, a sheet of paper, Sec The letter "A," at the beginning of words, 
frequently disapitears likewise; thos we have the doable forms ^ jiQd 
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{, {to eomej) Hecoq and eioi), (to do;) Knaika and rta&hi, {a frog;) neien 
aud e6en, (sja:k as,) &c. We also find, Id some mstaaces, tliat coaao- 
nants are dropped at tlie end of words, as in the donbl© forma hektoM 
und Itekta, (back,) &c.; "k" also disappears not uuJrequeutly, wliicb 
accouiits for the double forms Ku and u, [to come,) &c K may tlisap- 
pear also in the middle of words; thus we have kaKt and kat, (to.car)y,) 
&c. It sometimes hapi>eu8 that when "it," in the middle of a word, is 
followed by "»," this syllable "fci" is dropped; hence, we have doable 
forms, aucb as iKiui) and iuij, (to anoint;) iimyuwi and iiyuiti, (to bridle^) 
&c. But the greatest care is necessary not to confoand this "fct" 
vitli the grammatical syllable "ki,^ which ia inserted in verbs to impart 
to them a more definite meaning, and is particnlarly incorporated in 
verl)s iadicatiug a special relation to or /or whom anything is done; as, 
for instance, oyaka, (to tell;) oEljfoia, (to toll to one, to somebody;) 
thus, omaKiyaka, (tell me,) &c. 

We have in the Dakota langnage also a very interesting system of 
consonantal permutations. Thus, among tbo liquids, a frequent (and 
often almost optional) interchange of I and n; for instance, bog 
is in the Dakota AoJtjtLa and kokiisOf (Jandn;) or, if we wish to compare 
the dialects of that language with one another, we have in Yanktouais 
JALa for " very;" in the Titoi) dialect the same ; in Sissitoir NiNa, (I and n 
again interchanged.) Also the liquids n and m are interchangeable, 
often ad libitum, even within the bmits of one and the same Dakota 
dialect; thus, for instance, the English preposition "on," "upon," is in 
Dakota " aka» " as well as " akam," &c. 

We have in the Dakota language also a frequent interchange of ib and 
ty^ as, for instance, tKpi and iTpi, both forms being used to denote belly, 
ahdoitien. Thus, 6eKpa, which means navel, twin, may assume a double 
form in the compounds hokHiespa and hokiiderpa, where it and t inter- 
change with each other without affecting the signification of tbe word 
in any way whatever. Other examples are oKpaza and oTpaza, meaning 
darkness, night ; wiyaspoKpa and tciyaTpaxpa, signifying to glisten, to 
glitter, &c. This change takes place especially where the A; or Ms im- 
mediately followed by p. The permutation above adverted to, between 
Jc and d, (tck,) is also of frequent occurrence. It not only takes place in con- 
sequence of certain euphonic laws, but it would seem to be aiao optional, 
as we find double forms of one and the same word, the one with 1c, tbe 
other with (5 ; as, for instance, iKule and idute, meaning ammimition, &c. 
K intercbaoges also with y, as, for instance, in tbe double forms Kanina 
and Yamna, meaning to tu^uire, &c. Then, again, y intercbaDgea 
with 6 ; thus hokiiYopa and hokiiaopa,^ meaning child. K interchanges, 
moreover, with p; for instance, Kasto and vasto, ifinuh,) &c. K inter- 
changes also with b, as Katos)ta and Botoijta, (notch,) &c. Then, we fur- 
thermore obsei'^'e that labials interchange with each other ; for instance, 
b with J), as Bago and Pago, two forms of one and the same verb, mean- , 
ing to varve. Also, the labials j? and m are seen to interchange with 
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each other; thus, naTJcawii) aud naJsJcawii), {to becl;on with the hand,) &c 
There are also mstances of a permutatiou between p and t, such aapetuave ' 
and jpetnfi'e, {a fihbrand,) &c. Also ( and i sometimes interchange with 
cue another, as in Jtraq and ^sau, which mean curted, whence the com- 
pounds yukra^ and yukiaji, meaoiiig literally to make curved or to 
bend, &c. It DOW and then hap|ieus that such consouantal interchanges 
take place, and are, moreover, accidentally complicated by a traji3po8ition 
of tbe eousouants in question; lor instance, opTage aud okeaye, &c. It 
is iiuportaiit to take all these various changes into careful consideratioD 
when we wish to identify words in their difl'ereut appearances, their in- 
numerable protean trausformations, and often surprisiug modes of dis- 
guise, and to trace their origin, derivation, and various afBnitics. 

In regard to the derivation and composition of words, the Dakota or 
Sioux language is particularly clear and transparent. Derivations can 
be traced with great facility, and in the matt«r of the formation of com- 
pound words, this language is remarkably apt and flexible. We will 
take this opportunity to present hut a few instances of Dakota etymol- 
ogies, which will, however, be sufficient to enable the reader to form 
some idea of this particular subject. IV means to dwell, to live in, and 
as a noun the same word means a dwelling-place, a house. With the 
addition of the substautive ending jn, (tipi,) it means a <en(, such as 
the Sioux Indians inhabit; while when combined with the verb opa, 
which signi&es to go in, to enter, to go to, it forms tiyopa, (for tiopa,) 
xrhich is a substantive and designates a door, a gate, an entrance. Da 
is a verb which means to form, an opinion, to think ; its longer form is 
daka, with the same meaning. This word added to the adjective waite, 
good, forms the compounds teaitiida and wa&tedaka,wh\ch mean to deem 
good, to think well of; hence, to love. On the contrary, wheu combined 
with siee, bad, it forms the compoouds aiieda and utaedaka, which meau 
to con»ider bad, and, by a uatmul transition, to Itate. 

The wonl hokii gives rise to a number of derivatives, of which we 
will here mention but a few. The word itself does not appear to bo 
used independently ; but we may, perhaps, infer its fundamental mean- 
ing, when we consider a compound expression like hokii-4ekpa, which not 
only means twins, but, in its probably more original siguification, applies 
to a flower, and denotes a bine wild Jiower which appears Jirst in the 
spring, the earliest «prtnj7-flower, thus alluding to the first beginning of 
floral vegetation. Id a similar acceptation, it seems to enter as the 
principal constituent part into all woi-ds expressive of the idea of infancy 
aud childhood, as hokiiyopa, a chilii=hokiiopa, the verb opa, most prob- 
ably, with its meaaing of following, going along with; hokiidaif, &\)oy, daif 
being a very common diminutive termination, alluding here, it seems, 
simply to the youth and small stature of a male during childhood, &c. ; 
hokiiwin and hoHiwiT)na, a virgin. In the latter expression we distin- 
' guish in the eading the word win, that by itself meaMa female, woman, 
aud wiDna, which is its diminutive, aud stands to it somewhflt in Uie 
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same relation as the Qermaa/raulein, a young unmarried tcoman, to/raw, 



The word gu means to bum ; ^uya is a cansative fonu of gu, and means 
to cause to bum, to make hum. This word appears also, and, it seems, in 
a more definite sense, under the form agu, (with prefixed a,) to bum^ 
and a^uya, to cause to burn. With the nsual substantive-eudiu^ of ver* 
bal nouns, viz : pi, a^uyapi, means bread, as it were, something burned or 
baked. With a similar import the radical letters 6r in our English wotd 
bread, German brod, seem to refer to the same idea, as thej appear also in 
"BRennea, BBand, BBaten, BBu/ten, BBauen, BButen, BBunst, &c., in all of 
which expressions the idea of heat, if not of fire, is evidently implied." 

Interrogatives, which also in this language coincide in their form 
with relative and indefinite pronouns, present here the peculiarity 
of commencing, in the greatest number of instances, with t or </, while 
the demonstratives begin with k. For example : Tuwe, v>ho ; Taku, what; 
Tolian, wlien; Tohan, wlwre ; Tona, liow many, &c. And of the dctaon- 
gtratives we may mention Ka, tJiat ; saki, there ; Sana, these. Sometimes 
we find also the guttural softened down to a simple A; as, for iostance. 
Bena, the equivalent of Kana, these; Behai), which means there, and an- 
swers to the above-mentioned tohai), where; and uehan, which means 
then, and responds to tohan, when. We may observe here, by the way, 
that in most of the other languages which come under our ordinary 
observation precisely the contrary takes place, viz: guttural letters 
(which are also sometimes found replaced by their equivalent labials) 
serving to express the interrogative ; while (, d, th, commonly occur in 
the demonstratives. Thus, we have in Latin talis, tentus, tot, tam, turn, 
(unc, &c. ; inOreeh, ri;, Tiioo?, Tort,&c. ; inELglish,(/as, tAat, tAus, fAere, 
^en, &c ; and with the gutturals, in Latin, ^uis, ^uid, gualis, ^uautus, 

(fUOt,3Uam,jUam,&C.; intJreek ^\\a^.., zSi'; =^Kmi;; i6-:e = i:ute; i6rcpoi; = Ka- 

Ttpni;, &c" The same phenomenon is remarked also, in a measure, in a 
great many other lauguages widely different from those last mentioned. 
We may state here, as a curious fact, that the Dakota mode of express- 
ing the more essential part iu interrogatives by t or A, and what cor- 
responds thereto in demonstratives by h, obtains also in the language of 
Japan, where it constitutes indeed an eminently striking Ceatare. It iii 
tme, h and t are interchangeable, and, in many instances, convertible 
elements in languages generally, but their functions are kept distinct 
and apart in the particular matter under consideration. 

We pass on to the Dakota word akan, which means above. It is the 
same as akann, and if not identical with, is at least related to aitaQ ; just 
as we see, for instance, the double forms kahan and kahan, which mean 
&en, there, so far, and one of which has n where the other has q ; that 
is, n, with ouly a nasal pronunciation. Now, the akan, as an adjective, 
means also old, implying, no doubt, the idea of above, of superior to, (in 
stature or in years,) just as the Latin altus reappears in the German alt, 
English eld, old. This akai), or, per apharesin, simply foiQ, appeus also 
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In tbe form of tcakajilca" an old woman. AJcaj) reappears also uuder the 
forms {w)akan and wai)lcan, uieaniug likewise above, vp, high, superior, 
and being nndoubtedly closely connected witli tlieform (jpJnAoi), since n 
and I) are interchangeable terms, (as shown in the above JcahaTi and 
Icahai)); and Bince certain derivates, moreover, are seen to confirm 
tbeir Intimate relationship, such ae Kakai]iiidttpi, pride, itaughtineas, 
■where icakai) evidently refers to real or fancied superioritg, similarly 
to tbe Latin guperhns, the French aMer, &c. Perhaps wakapa also 
comes nnder this head, its meaning being to excel, to surpass, to be 
superior to, or to be above; waUopa standing, according to all appear- 
ance, for wakaiikapa, the latter part of which would be the verb kapa, 
topass btf, togobej/ond. Thus the primary and fnndamental meaning of 
icaJiai) (^ akai), akavi, akan) would be ichat is superior or above, a supe- 
rior something or being ; hence it means a spirit, a ghost, and, as an ad- 
jective, spiritual, supernatural, divine. It gives rise to the following 
expressions: mim-wdkaTj, which signifies ahsolMl, brandy; as it were, 
apirit-tcater, or spirituous liquor ;" Kakan tanktt, the Great Spirit, mean- 
ing God ; trakaij sida, evil spirit, meaning demon, devil ; tcowapi waJcar), 
literally spirit book, or spiritual, divine book, the Dakota name for the 
Bible ; lipi-irakai), which means a chapel or church, literally spirit house, 
sacred home ; wicaite-trakai), a clergyman, priest, litetaily a spirilttal man; 
&c. Thus, also, the lightning is called wakaijMi, from vakaii (spirit) 
and hdi, (to come,] meaning, as it were, the coming down or arrival of a 
^rit. Also, the famous dance of the Sioux Indians, which is dcscribeil 
as the JMedicine-danee, viz: wakaij wacipi, simply means spirit-dance or 
sacred dance, and, as Eev. S. R. Riggs expressly informs us in his Dic- 
tionary, is thus called especially from the fact that the high ])riests of 
the ceremonies spend the night previous in aingnlar magic practices, and 
are holding communion with the spirit world,. Then, again, we have the 
word wakari in compound verbs, such as wakaxi kago, which means liter- 
ally to make wakaii, as it were, to attend the acts of worship or divine ser- 
vice; and wakai)e6o])g means to perform supernatural acts, to do tricks of 
jugglery, of magic. A great error has been committed by travelers gen- 
erally, who, resorting, perhaps for information, to the stolid half-breed 
Bioux Indians, who are often still more ignorant, if possible, of English 
than the travelers are of the Dakota tongue, have identified the idea 
expressed by the word waka^ and everything therewith connected with 
that of the healing art, or medicine. To be sure, healing a disease, restoring 
a suQ'erer from sickness to health, is in the opinion of the wild Indian 
always and preeminently a supernatural, wonderful act, in which beings 
of a higher order directly participate, and which is generally brought 
about by means of magical performances, conjuring, necromancy, and 
sorcery, rather than by the administration of remedies or other medi- 
cal appliances. There is no such thing as a ^^ medicine man'^ among 
these Indians, and they have not even a word for it ; for vncaitewakai), 
which has been erroneously taken for such, simply means a supematurtU 

L.OO'^lc 
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man, a spirit man, a magician, and the like, and baa come sabsequently 
to be applied to the priest, cUrgyman, or missionary. An Indian doctor 
is called wapiye among the Dakotas, which simply means a conjurer, and 
is derived from the verb wapiya, to conjure the sick, which in its tam 
comes from piktya, to conjure. A physiciuo, or ooe who cQrea diseases 
by meaos of medicine, is always called peUhuta-wiiaite, from peit, which 
Bieans grass, also dry grass, kerb, aud kuta, which denotes the root of 
trees or plants, so that the compound peiihuta, which properiy meana 
medicine,'* would signify literally herbs and roots, and peiikv^ 
v>i6a&te a herb-and-root man; which epithet is almost exclusively 
applied to American doctors resident in the vicinity of those In- 
dians and to military snrgeous at the forts in their territory. Among 
these people the gathering of herbs and root, and the administratioa 
of snch medicines are, indeed, not in anywise uncommon^ it is, however, 
uot at all the occupation of men, but of women. 

The word for mouth is i, whence is derived the verb ia, tospeak, which 
in its turn gives rise (by the addition of the endiugjM so common in the 
formation of verbal nonns) to the substantive iapi, speech, langtuige. 
(Thus Dakota iapi, the Dakota language, properiy the language of the 
companions, friends, or (dlies.) 

The verb ha means to etirl. It is also used with the reduplication, viz: 
halia, as an adjective especially, to denote curling, curled. The same 
when combined with mini,'' water, signifies curling water ; and thus mini- 
■haiia is the usual word for a waterfall, a cascade generally. Often haha 
alone is used to designate a wa/crfail; mini (water) being understoodjjnst 
as we are accustomed iuEnglishtoempIoysimply the word"/ix(te"inthe 
same sense. Thus the word haliattii)we is used, meaning those who dtcell 
or live at the falls, tlte people around the waterfalls, an expression which 
has become among the Dakotas the ordinary name of the Chii)i>ewa 
Nation.'* 

To translate the word minthaha (or erroneously written "minne- 
haJia^y by laughing waters, seems to be a gross mistake, most probably 
the result of imperfect information derived from some half breed Sioiix 
who was perhaps asked, (the inquirer wrongly analyzing the word,) 
" What is mean t by minnc ?" To which therespouse was doubtless, ■* Mini 
meaus water." " And what does ihaha signify t" The answer to which 
must have been: "Jho&a means (o laugh." (No doubt t signifjiug moufi, 
aud ba, to curl; iha and ihaba mean to curl the mouth or the lips, that is, 
to laugh.) When Rev. S. E. Biggs, in his otherwise very excellent Da- 
kota Dictionary, explains ihaha by " to laugh along as rapid water, the 
noise of waterfalls,'^'' he is unconsciously led astray by that current 
popular error. In fact, such an interpretatiou is founded on nothing, 
aud is prima facie quite contrary to all right etymology.'* And to do 
justice to Mr. Biggs, for whom we profess the highest esteem, and who 
is without any comparison the best grammarian and lesicographer who 
has ever yet apjieared In the domain of Americau Indian philology, we 
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will state that be likevise esplaias (in his dictionary) hdba liy '^water- 
falls, 80 called from the CDELiHG waters." 

Our views on this subject, as on varions other similar matters, were, 
moreover, fally approved by Jtev. T. S. Williamson, another disttn* 
gnished missionary, andabighly respectable authority as regards the Da- 
kota laugnage, with whom we bad many a long conversation on sucb 
topics every time we happened to meet with him in the territory. 

Mach might yet be done in investigating that most interesting Ian- 
gnage, in a strictly philological manner, and also tracing particularly the 
many Dakota names of monntaius, bills, rivers, lakes, &c., to their true 
origin and meaning. They almost always contain some attractive alhi- 
siou, something legendary or traditional, which might lead to most val< 
nable results in regard to the historj-, religions ideas, ancient usages, 
&c., of this largest and most powerful of all the Indian tribes of North 
America. 

We now say, in conclusion, that on this continent, researches in jihi- 
lology, ethnology, and history should have fortheir main object tbe lan- 
guages and nations of America. Tbe fi^d is comparatively new and 
exceedingly interesting; an immense deal has to be done in this domain, 
tbe real labors of thorough and exliaustive investigation having not even 
yet begun. If these unpretending pages, contributed by the author as 
Ilia first mit« to that kind of research which he wishes to see undertaken 
by the scholars of this country, serve as an incentive to others to inter- 
cat themselves in these studies and devote some of their time and exet- 
liona to the same, bis object will have been successfully attained. 



NOTES. 

> Such intercalations are, in a measure, almost analogous to the usual 
insertion of the many incidental clauses in long Latin or German sen- 
tences, if we are allowed that comparison. 

* (S stands in the present transcription of the Dakota language for 
tch ; i for sh ; q for nasal n ; dotted letters indicate a peculiar enipbasia 
in tbeir utterance, for which we have no precise equivalent in English. 

'Other examples in Mantehoo are k'ak'n, meaning ma/e, cocA, while 
k«ke means hen, &c. These phenomena are, in their last analysis, redu- 
cible to a fixed principle, which still x>revaJls, to some extent, in the 
above-mentioned group of Asiatic langnngea, and which we have some 
reason to believe once formed an essential part of many other tongues. 
We might perhaps not improperly recognize in that antagonism some- 
thing of polar opposition, some law of polarity. There are distinct and 
polar ly-opposite correlative vowel-classes, viz : a, o, «, in the continen- 
tal pronunciation, which are, as it were, positive, and e, i, which are neg- 
ative. Sometimes, however, tbe reverse takes place, so that e, t, have 
the power and significance of a, o, u, and vice versa, {a quasi " inversion 
- Mk 
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tbis by the way — the classification results quite naturally from a cer- 
tain antagonistic relation of these vowels, respectively, to the guttural 
letters, their very test and touchstone. According to tbe natnro of 
these vo^ycls, the word receives often it« characteristic meaning in those 
Asiatic hiDgiiages ; hence, only vowels of the same class occur in one 
and the same word. It would lead us too far from our present subjcel- if 
we should now elucidate more fully the phenomenon under consideration. 
We wish to make only a few remarks more. This peculiarity extends to 
a^ectives and to verbs — qualities, (positive or negative, as the case may 
be,) actions, and states of being ; even to postpositions, &c., (directiou, 
tendency, &c) We could, indeed, illustrate it by hundreds of examples, 
especially iu the Central-Asiatic languages, even in the Celtic touguee^ 
particularly the Irish. We might point oat a very considerable num- 
ber of such instances finally depending on a certain principle of vowel- 
harmony. Even in our own ancient and modem languages we can now 
and then discover some slight and obscure vestiges of that perhaps 
originally quite extensive plienomeuon of significant vowel antagonism. 
For instance, in the Creek /loi/j-o? and /ki/j-uc; ^t" and isi; the article 
6 and f, ; rw and rt, ; t6-^ auirnjv j ''Ap-r,t; and "Ep-c;, &C.J in Latin, in 
cal-idus and gcl-idus ; perhaps, also, in the fundamental form bomiu 
and feuiin, (implying hcmin: f=h, as iu Span. Aembra;) iu Hebrew, 
Ktn and jcn; Arabic >^ and <^ ; bit and bt, &&, aud other expressions 
of contrast, negation, or opposite tendencies generally. We also find 
in German stumm and stiuim — referring to the voice or its absence; 
in English, tho verbs to step and to stop, &c 

* Though it is almost evident that dun has not a separate and inde- 
pendent existence iu tbe language, but is always found combined with 
pronominal suffixes, sncb as duigbu, {her elder suter,) we nevertheless 
meet also compounds like tbe following: cuqya, to haze for an elder sUter. 
We may, therefore, safely conclude that dwij in 6mku and the verb 
ijuqya is the word which designates an elder sister. Moreover, the form 
duiiku has a parallel cxiiression iu c'fqc'u, which means kU elder brother ; 
aud as Ait Is identical with du in consequence of a very common con- 
sonantal permutation, it becomes obvious that duij, indeed, means elder 
sister, as cii) is known to signify elder brother. 

' In the Grusinian language, mama means /a(/ier — an apparent anom- 
aly, owing, perhaps, to a mere interchange of the labials, passing here 
over into their extremes. Another shifting of the labials, though less 
iu extent, we find in tbe Asiatic tongues, where we also meet with baia 
for father,/a/a for mother, &c, 

" By moans of such postpositions the declension of nouns is effected 
in the Ural-Altaic languages. The Dakota cases of declension, if we 
can use this term, amount likewise to a very rudo sort of agglutination, 
or rather simple adding of the postpositions to the nouns. There can 
be here no question of auy real inHectiou or declension, since there la 
throughout only a kind of loose oclhesiou, aud nowhere what we might 
call a true cohesion. The postpositions are in the written laogoage 
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added to the nonns witboat being ooDJoined to them iu writing, (except 
the plaral ending pi,) as ia also the case in the Mongolian language, the 
Torco-Tartar dialects, and other tongnes of this class. 

^ We see in the historical development of our own modem languages 
as abundance of similar phenomena ; thas in respect of the mere quasi- 
monumental, and, as it were, fossil existence of labials, snch, for in- 
stance, aa b, p; and in regard to English words like debt, which in 
French long ago became dette. In English the b ot d^t (^debitum) 
has become only silent, while in Fr<>iicb, on the contrary, it has now no 
tolerance whatever, even as an historical landmark. There is, in feet, 
more conservatism in English. The French appears a more volatile, 
changeable element, even in the minor details of the language. Thus, 
again, we have in English the word doubt, with petrified silent d, which 
they seem nnwillmg, as yet, to let go, while in French we have doute 
without that 6. Many other examples might be adduced in support of 
this very simple and common fact in all languages. In sept, (seven,) the 
French still neglect ridding their language of that now nseless sileutp. ' 
They do, it seems, not affect such antiQuities, and will, most likely, do 
with words like sgtt as they have done with clef, (clavis,) where the 
final labial/ became gradually silent but was left untouched. It is even 
now allowed to remain, but another form has already come into use at 
the same time with it, and a key is now a-days def and clS. 

' This interchange la seen in almost all languages of one aud the same 
family, when compared with each other ; thus, for instance, the use of 
Ji: instead of t constitutes one of the characteristic differences between 
the Hawaiian tongue of the Sandwich Islands and the language of Ta- 
hiti, the Marqnesan, Barotangan, &c., both groups, however, belonging 
to the Malayo-Oceanic, or more particularly the Microuesian stock. 

• 6 stands here for a letter that does not strictly belong to the word, 
viz. y, which is merely inserted eupbooically between hoMt and opa. 

" We venture this derivation so much the more boldly, inasmuch as 
the etymology of bread, brod, &c., is, in a degree, still an open question, 
Grimm connecting it — though not particularly insisting thereon — with 
bracken, breeken, to break, &c., while Anglo-Saxon scholars endeavor to 
trace the English word bread to breadan, (to nourish,) which, however, 
seems rather t« be a denominative verb, such as lighten from light. 
Their etymological attempts being mere opinions, mere assertions with- 
out proof, we feel encouraged to maintain ours. 

" The r in the Greek t/? Is only an apparent exception to it, as is well 
nnderstood by those conversant with the facts of comparative grammar. 

" There is some room left for an attempt to derive icafaujfcfl direct 
from wakat). The ideas possibly underlying such a derivation would 
appear to us rather far-fetched and fanciful. 

^ Other Indian tribes call alcoholic liquor ^re-water instead of ynrit- 
water, as, for instance, the Chippewas, in whose language it is ithJeoda 
trobu, &c. ,1,-. 

** The word peiihuta is also applied to various other vegetable wsea- 
29 8 71 
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ces, beverages, &c. Tbns, coffee is caJled peiVmta sapa, literally, bladt 
medicim ; jnst as the Ghtppewas express it in their language by mofcode 
mashkibi wabu, (black medicine water.) 

" The word viini (water) is the eame which is contained also in the 
name of JUinrtesota, (properly mtm-sota,) meaning whitish water, and refer- 
ring to the Wal^a Twtnwofa, which la the Minnesota or St. Peter's Biver, 
and also to the Mde minisota, the so-called " Clear Lake." 

'^ It is often the case that Indians give to other nations names dmply 
derived from some entirely external, merely accidental, and altogetbo: 
nnessential circnmstance or quality in these strangers, which at first 
principally Ktrack their attention. Thus, for iostance, the inhabitants 
of the United States are called by the Dakotas laantanka, meaning Big 
Enivea ; by the Chippewas, kitchimoIa>man, which likewise signifies Big 
Knives, probably from the swords of the United States soldiers iu the 
Territories. 

" Just in the same way, the erroneous orthography of " Minttesota" 
was introduced for the more correct Miuisota ; and this is seen again — 
we mention it in passing — in that monstrous Dakota-Greek compound, 
" Minneapolis," meaning " Watertown." 

'* Any such meanings of thaha, as " to bvbble " and making a noise 
like that of waterfalls must be considered sijnply as secondary, as a 
mere extension of the original signification of that word, viz. laughing, 
i+iaha, mouth-curling, as it were; nothing whatever being contained in 
the constituents of that word which could have even the remotest refer- 
ence to water or a cascade. The word itself seems to follow this devia- 
tiou from its proper import, being even differently accentuated in that 
sort of figurative acceptation, viz. ihaha instead of ihdha. 

'^ Similar blunders frequently occur. Thus, in the erroneons and nn- 
meaniug English translation of Indian names generally — for instance, 
of " Hole-in -the-iMy " — in which word it was intended to express simply 
one who (as a powerful archer) perforates the sky with his arrows, which 
we could easily place beyond any doubt, if it would uot lead us too far 
from our present subject. So have travelers, too, themselves put the 
words " squaw," "papus,^ &c,, into the mouths of the Dakotas, though 
these words belong exclusively to widely different tribes, and are on 
other occasions again repeated by the Dakota Indians to strangers, as 
they simply supijose such words to he English, and, therefore, more io- 
telligible to the latter ! The same applies to the Ghipxiewa word " nifeo," 
[he died or u dead,) which travelers, probably deeming it the general 
and only Indian term for that idea, taught, as it were, to the Dakotas, 
who constantly make use of it in their coDversation with Americans, 
mistaking it io tnrn and in like maouer for an English word, or some- 
thing more easily accessible to the mind of the strangers. 
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[TbQ following notes, derived from correspondence or from observa- 
tion and reflection, axe especially intended for the meteorological ob- 
servers of the Institution principally in the way of aiiaweriuR queries, 
which have been frequently propounded. They may, however, be found 
of interest to the general reader. — J. H.] 



HBTEOBOLOei OF FOBTO BIOO, 

Mr. George Latimer, fivm Philadelphia, one of the correspondents of 
the Institution, who has resided on the island of Porto Eico (rich in 
gold) since 1834, informs ns that the nortlieast trade-winds prevail on 
the island every day of the year from about 9 tfcloek in the morning 
nntil sunset; while at night there ia a strong land-breeze toward the 
ocean on all sides of the island. The latt«r is stronger, however, on tbe 
west end and on the north side, which is probably owing to the greater 
slope of the land toward the sea in these parts. 

During the rainy season, which is from tbe end of May to the end of 
October, the rain falls every day on tbe western portions of the island 
from 2 o'clock until sunset. This, however, is not the case on other 
parts of tbe island, which is divided longitudinally by a range of mount- 
ains 3,000 or 4,000 feet in elevation. These mountains turn up the 
current of tbe trade-wind air containing vapor into the colder regions, 
and cause its preoipitation in rain on the northern slope, while on the 
south the land often suffers fix>m droaght for more than a year without 
intermption. On this side of the island irrigation is resorted to, and 
for this purpose there even exists a project to tunnel the mountains to 
conduct the wat«r of one of tbe rivers from the north to the south. 

Mr. Latimer states that occasionally there is a cessation of the ordi- 
nary trade-wind when the air becomes almost entirely calm or light 
winds arise, which go entirely around the compass in the course of a 
few hours. This stat« of things frequently continues several days, and 
from these, as signs, Mr. Latimer has always been able to predict that 
a gale is blowing at tbe north. After the existence of a calm of ocean 
and air there invariably comes a heavy rolling sea from the north, so 
heavy that vessels cannot leave the harbor of Saint John, or load in any 
of the other ports on the northern side of the island. Also after this, 
in the course of a few hours, or in other cases after two days, comes 
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a strong DortherlywmditherstQraof the regular trade-wind, with mach 
greater intensity than osital, and vessels arriving attex stiort passages 
bring tbe intelligence of the predicted g^e and its disastrons conse- 



Colored bands diverging from tbe setting son in the vest, and con- 
' verging to an opposite point in the east, arq frequently seen throagh 
tbe auminer and antnmn in great beaaty. 

Rbmabks. — The rainy season in the nortbera tropics takes place vben 
tbe sun, having a northern declination, beats in the greatest degree the 
land during the day, prodncing ascending colnmns of air, which, carry- 
ing up the vapor it contains into bigher and colder regions cause it to 
be precipitated' in rain, the precipitation commencing as soon as the 
heat from the aan begins to diminish a little after midday. Tbe phe- 
nomenon mentioned by Mr. Latimer in regard to the occasional cessa- 
tion of the trade- winds may possibly be connected with the ocenrrenoe 
of storms on the continent of North America, or perhaps with the re- 
markable wind known in Texas as the '' norther." This wind prevails 
from the Mississippi Eiver to the Bio Grande and commences abont the 
1st of September and ends about the Ist of May. The day previons is 
marked by an nnnsnal warmth and closeness of the atmosphere and an 
almost perfect calm. The first appearance of the tempest is a cloud in 
the north, which approaches the observer sometimes with great and at 
other times with less velocity, and frequently passes over his head in a 
series of arches composed of dense clouds separated by lighter portions. 
The thermometer Ireqneutly falls 30 degrees. On one occasion recorded 
the temperature fell in tbe course of three hours from 75<' F. to a 
degree sufficient to produce ice an inch thick. After a day or two the 
norther is followed by an nnnsu^ cold wind from tlie sonth, as if the 
norther were returning. It is said to be most intense near Corpus 
Ctiristl, Texas, and that it does not occur in Florida. 

Tbe norther la probably due to a stratum of air along the border of 
the Gulf, abnormally moist and consequently heated, produced by a 
surface current from the south, which gradually attaining a state of 
unstable eqailibrium is suddenly forced upward into a higher region by 
a heavier irind from the north. The violence of tiie wind, and conse- 
quently the intensity of the cold, will depend npon the distance north- 
ward to which the moist stratum extends previous to its overturn by 
tlie heavy air frvm the north, Tbe norther, it is said, is not felt at sea 
in the Gulf. This would indicate what we would readily suppose, that 
the greatest rare&ction of air due to beat and moisture takes place over 
Qie land along the borders of the water. — [J. H.] 
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MKTKOBOiOOT OF THE SESEN EIVEE CODKTBT. 

By Colonel CoLLiwa. 

Colonel Collins has been for tbree years ia the Wind and Green Biver 
coontry. The Oreen Biver becomes the great Colorado of the west^ 
which empties into the Golf of California, and the Wind River becomes 
the Big Horn, and rnns into the Yellowstone, which in turn empties 
Into the MiHsoaii. It often happens that rivers in the western part 
of the United States have different names in different parts of their 
conrse, and this appears to be especially the case when a river passes 
through a canon ; the fact not being known before exploration that it 
is the same stream at the two ends of the chasm.. 

The climate in the region above mentioned is very dry, electrical 
appearances being manifest in cnrrying horses or bmstaing clothes, and 
dew is very seldom seen. Along the Wind Biver range the storms come 
from the northwest and follow the chain to the sontheast. On some of 
the high peaks of this region there is often seen a cloud-cap remaining 
stationary sometimes for a day or more, while a high wind is prevailing 
at the same time on the plains and valleys below, with a clear atmos- 
phere in alt other parts of the sky. The cap appears compact and dis- 
tinct in outline and perfectly stationary. The peaks of the Wind Biver 
range are all covered with perpetual snow. There are no trees on the 
plains, or anywhere in the vicinity, except on the moilntaiD-sides A*om, 
their base up to near the snowline. 

Frost at the foot of the mountains and in the valleys occurs almost 
every night daring the summer. On the 4th of July, 1863, at the camp 
at the head of Sweet- Water Biver, the ice was formed from half to three- 
qnarters of an inch thick. The summer frost, although it does not kill 
the hardy grasses, will not allow the cultivation of grains and vegetables. 
Heat and moisture, the two essential conditions of growth, are wanting, 
though, in the very deepest valleys, i)erhaps, grain could be raised by 
Irrigation, since the temperature in these is considerably higher than on 
the monn tains. 

The winter was exceedingly cold; at Fort Laramie in 1861 the mer- 
cniy was frozen and continued solid on the 4th of January for foor 
hours; on the 5tb fifteen, and on the 6th for twelve hours, wliile in the 
warmest part of each day the thermometer never rose above minus 20°. 
*' I had command," says Colonel Collins, *' at the time, of Fort Laramie, 
and had great difQcuIty in keeping the garrison warm. Fuel had to be 
drawn a distance of about fifteen miles. Everj- winter a number of 
men were frozen to death, being nsually overtaken by snow-storms. 
When the greatest cold occurs the air is perfectly still and very trans- 
parent — the transparency is so perfect that objects are seen a long way 
off with such distinctness as to give rise to mistakes as to their actual 
distance. / ~ t 
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" It should not be forgotten that the base of the Wind Kiver Mount- 
ams is about 8,000 feet above tbe level of the ocean, and hence the 
coldness dryness and rarity of the air, Kotwithstandtng the grea* 
elcvation of the region there are some very hot days iu eumoier, though 
the mornings and evenings are cool. 

"The general course of the wind is from the west, especially when it 
is violent. The currents are, however, modified by the mountain ranges. 
In soiui! of the higher gorges a strong wind constautly prevails from 
the west, which is especially the case at Fort Halleck at the foot of 
MediHiic Bow Butte, at the main head of Medicine Bow River. This 
fort is at ahout 8,300 feet above the level of the sea, and situated in a 
pass, with H high mountiMn ou tbe south, aud elevated land on the 
north. The directioK of the wind is continually the same in winter and 
summer, namely, from the west, or that of tbe return trade, probably 
somcwliat modified by tbe eonfiguration of the surface. In the plains 
between the mountaius the snow is immediately blown into the ravines 
by the violent wind, leaving the general surface bare. So constant and 
ann»J.ving is the wind that I advised that Port Halleck should be aban- 
doned. It is impossible to secure bay for the cattle ; as sooq as the grass 
is cut it is blown away. For the same reason great care is requiied in 
drying clothes. 

"Tlie storms are terrific, and in some cases, when they occur, it is im- 
possihle to ride against the wind. The snow is extremely fine, mingled 
with air, moving with the currents, and presenting no appearance of 
falling Hakes. It cuts the face like fine sand, and blinds the traveler. 
The horse or mule cannot be made to face the blast, particntwly tbe 
latter, bnt will always turn from it. 

" The streams, fed by the perpetual snow, are always full in summer. 
In the winter they are frozen solid. Thunder-storms are not frequent, 
but wlien they occur they are often attended with hail. The quantity 
of waterwhich tallsissmall. Evaporization isveryrapid. ^Iien game 
is kilh-d it can be hung up aud soon becomes so dry at the surface that 
flies cannot lay their eggs iu it ; a quarter of deer will in this way re- 
main sweet for a week in the warmest weather. The soldiers rely very 
much on deer, bufialo, ducks, and geese, which are readily preserved. 
When going on a march they prepare a supply of what is called jerked 
meat, wlii<rh consists of flesh cut into thin strips and placed over a 
smouldering fire to drive away tbe insects and afibrd a small quantity 
of smoke. Tbe meat dries so rapidly that it becomes as hard as a stick 
in the course of two or three days. 

"The most violent storm I experienced occurred about the last of 
February, 18ti2, when we made an excursion to the southwest after the 
Indians, who had made an attack upon the mail-line aud one of the 
military posts. The storm commenced on the third day of the journey. 
It was not very severe at first, bnt increased in intensity until the third 
day of its coutiunance, when it was truly terrific. The poxty cqnsisted 
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of ODe hundred men ; two were frozen to deatti, and upward of thirty 
badly frostbitten in tlieir extremities. The snow filled the air to such 
an extent that the course could only be followed by keeping at a certain 
angle with the wind, or, in other words, by adopting the direction of the 
wind as a course of reference. 

"The mule is a less hardy animal than the horse, and often freezes 
standing, eo that at first sight, and at a little distance, they appear alive 
and rominating, but might be pushed over in a solid condition, the legs 
stretched outlike the legs of art overturned table. In summer the horses 
and mules are fed on grass, which is very sweet and nutritious. I 
had about eight hundred head of oxen, and one thousand sheep. The 
best meat was that from the old cattle which had been pastured for 
about a year." 

Bemabks. — The facts which Colonel Collins has here stated are inter- 
e-sting in regard to general meteorology. The existence of the constant 
wind from the west, in these elevated passes, is in strict accordance 
with the assumption of a return trade-wind, giving rise to a constant 
westerly current at elevated points in the temperate zone. It is this 
wind which carries all the meteorological phenomena eastward in the 
temperate zone, and thus forms the basis of the prediction of the 
weather. 

That the snow should be very fine is also in accordance with the fact 
of the small quantity of moisture in the air and the intense cold. The 
snow, for the same reason, is small in quantity on the plains. The 
absence of thunder-storms is also in accordance with the fact of the 
small amount of moisture in tbe air. 

The cloud-cap mentioned is probably produced in a similar manner to 
that at Table Mountain at the Cape of Good Hope, by a moist wind 
blowing over the top of the mountain, which, oo ascending to a certain 
elevation, precipitates its moisture iu the form of visible vapor, which is 
again dissolved on descending tbe other side, producing the appearance 
of a stationary cloud, though it is coiistautly in the process of forming 
on one side and dissolving on the other. — [J. H.1 



DISTIHTCTIOK BETWEEN TOBKADOES AID TEMPESTS. 

Lamark, in a paper published many years ago in tbe Journal de 
physique et chimie, points out the distinctions between a tornado and 
a tempest. The following, according to him, are the characteristics of 
the tornado : 

1. The effects produced at the surface of the earth take place under 
an isolated cloud which moves with the storm, »id is in some way con- 
nected with the disturbance of the atmosphere which constitutes tbe 
phenomenon. 

2. Tbe tornado moves over the surface of the earth in ananow p^k, 
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tbe middle of wbicli 13 loarked by tbe greatest destructive effect of the 

OlOtiOD. 

3. The effects of the tornado at any one place are prodaced in a very 
short time. It passes over different points of its path witb great 
rapidity. 

i. It commences at a given place with a crash, and passes off as sad- 
deiily into a calm. 

5. The tornado, even tbe most violent, seldom lowers tbe barometer 
but little, and sometimes produces no appreciable effect in tiiis way. 

6. The tornado is generally accompanied witb discharges of electricity, 
with large quantity of rain falling in a few minutes, and frequently 
with hail, (sometimes in two tracks, one on each side of the path of tbe 
meteor.) 

Character of tempests according to the same anthor : 

1. Tempests are of great extent } they are not accocapwiied by an 
isolat«d cloud as is tbe case witb the tornado, bnt witb one of apparently 

, uulimited exteut. 

2. Moderate tempests cifntinue sometimes ten or twelve hoars, while 
tbe most violent ouea in some cases coutiuae thirty-six hours, with 
slight iiiteruiissions in tlie greatest inteustty. 

3. All tempests are connected with the falling of the barometer, even 
to the extent in some instances of an inch and a half. 

i. The tempest does not come on suddenly, but manifests its f^>proach 
by a gradnal fall of the barometer, and an increase of the velocity of tbe 
wind. 

Remarks.— The feet stated in regard to the fell of tbe barometer in the 
case of tbe tempest, and not in regard to tbe tornado, is very important 
as bearing on the different characters of the two meteors. It would 
appear to indicate that the tornado is not only of limited extent horizon- 
tally, but fdso in avertical direction; that it consists of a violent overtom 
of two strata of different density, tbe one rushing np4-ard through 9 cir- 
cumscribed space, and the other' descending probably aronnd tbe same 
space, so that the sum of the two pressures remains tbe same, while in 
tbe case of tbe tempest tbe air rises over a large space, and flows over 
at tbe top of tbe atmosphere. — [J. H.] 



ICCOVMT OF 1 TOBVADO WHICH OCCURRED IN 8PRDCE CRCBK TiLLKI, 
CKKTBE COVNTT, FEVNSTLTAKEi. 

Bt the Rev. J. B. Meek. 

Spruce Creek Y^ey is situated in tbe Alleghany rauge, and extends 
in a southwest and northeast direction between Tussey's Mountain on 
tbe northwest and Bald Eagle Mountain on tbe southeast. My resi- 
deuce was in tbe bottom of this valley near the south side. Tbe fore 
part of tbe day on which tbe tornado took place was vei^ warm, moist, 
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and sultry, or what is called close. A fneud who had been oar guest, 
prepaTed to leave oar honse a little after 12 o'clock at Doon to cross 
Bald Eagle Moontain iato Stoue Yallej, wbicb lies next to Sprace 
Greek Valley on the south. I had concluded to go with him, when my 
wife advised that, if we did go we should take with as umbrellas and 
overcoats, for she was sore, from the feeling of the atmosphere, that a 
storm was iuipendiug. Her wamiog was not disregarded in reference 
to the protections from wet and cold, and we had good cause before my 
return to be thankful for her forethought. We left the house about 
half past twelve and commenced to ascend the side of the valley by a 
steep path on horseback ; the air was very oppressive and oar progress 
alov. When we got about two-thirds of the way up the side of the 
mouutaiu we heard heavy thunder at a distance, and saw the reflection of 
vivid lightning in a northwesterly direction from over the other side 
of the dividing ridge which separates the valley in which we were 
from the one next on the north. These indications of a storm con- 
tinued with increasing intensity nntil we reached the crestof the mount- 
ain, when, turning around, we were presented with the appearance of a 
dark circumscribed cloud at a distance of about eight or nine miles. It 
occupied about 13 or 20 degrees of the borizoo, aad exhibited such an 
nnusual and threatening appearance that we almost involuntarily re- 
mained stationary, as if spell-bound by the phenomenon. It was very 
dense, and strangely agitated by a rapid vertical commotion near the 
middle of the mass, while it was almost incessantly traversed with dis- 
charges of electricity in different directions, mostly vertically, accom- 
panied with heavy peals of thuuder. Its direction of motion was 
diagonally across the valley from the northwest to the sontbeast. As 
it came over the crest of the opposite mountjiiu it appeared to touch 
the surface of the ground ; no clear sky was seen between it and the 
earth. From the crest of the ridge it seemed to precipitate itself sud- 
denly down the slopeof the mountain, and almost instantly to bidefi-om 
oar view all objects on that side of the valley ; as it came near our 
point of view the character of the internal commotion became more 
apparent, and when it was directly opposite us, or in that point of its 
path which was at right angles to our line of vision, we perceived that 
the wind, which before, while the cloud was approaching us, had been 
blowing from us toward the tornado, was now moving in the opposite 
direction, and that the commotion in the interior of the cloud was much 
more astonishing. It consisted of a violent and very rapid shooting 
npwanl in the middle, turning outward and downward on the exterior 
of columns of mist. The velocity of the upshooting columns was ex- 
<!C^ingly great', even as they appeared from our point of view at a dis- 
tance of tour miles. The mass of the cloud had a dark leaden hue, bat 
the tops of the upmoving columns, where they projected above the gen- 
eral surface, were white. The whole prCiSented the appearance of a boil- 
ing culdrou violently agitated. When the tornado was directly oppo- 
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site to U8 it did not appear as dark aa when it was approachiog as, 
wtiich would indicate tbat it was not of equal ditaensions, bat of greater 
width iu the tine of its motion. 

The movement of the tornado across the valley was exceedingly 
rapid; it did not occupy certainly thirty miaates in traversing a line 
nearly straight of about fifteen miles in length. The ridge of the monnt- 
ain on the side of which we stood was not above 600 feet above the 
bottom of the valley, and the storm-cloud did not appear more than 
double that height above us. During the passage of the tornado oar 
ears were constantly impressed with a heavy roaring sound, like tbat 
of the Falls of Niagara, in unison with which peals of thunder in 
rapid succession were mingling. The clond appeared to be generated 
iu place as the tornado advanced; indeed, it might be likened to 
an immense locomotive-engine passing rapidly over the valley, belching 
forth smoke and steam. After the tornado had disappeared over the 
opposite ridge, the whole valley was left covered with a cloud, from 
which rntu continued to fall daring the night. 

The path of the tornado was marked on the ground of the bottom of 
the valley by prostrate trees and other evidences of violent action. It 
was variable in width, being from 100 to 150 yartis across. The trees 
were mostly thrown down on each side of the axis of the path, a 
larger Dumber on the north side than on the south, about, jierhaps, in 
the ratio of three to one. The path was generally straight and of uni- 
form width, with ot^asioual short bends, as if the tornado had iu some 
places made a sudden lateral movement. AUhoagh the itriucipal vio- 
lence of the meteor was confined to the breadth mentioned, yet on each 
side, for a quarter of a mile, trees were thrown down in the direction in 
which the storm was advancing. The effects on the northern side or 
slope, where the tornado entered the valley, were scarcely perceptible, 
while on the southern slope, or where it left the valley, they were very 
marked. On the northern side it appeared to leap down from alH»ve to 
the bottom of the valley immediately below; at this point it.s first 
prominent mark was made upon a mill-pond, which it entirety emptied 
of water, sweeping it completely out, and even throwing up from the 
bottom sticks and stones which had long been sunk in the mud. The 
moat striking effects were, however, those produced in the lowest iiarts 
of the valley, some traces of which could be seen several years alter- 
ward. Its fury was not spent in Si)nice Valley, but it left traces of il« 
power for at least twenty miles on the other side of the ridge, in the 
adjacent valley. 

Rbsiaeks. — The account of this tornado, which was observed from a 
very unusually fiivorable position, is very instructive iu regard to the 
cause of the phenomenon. The two causes to which these remarkable 
commotious of the atmosphere have been referred, are electricity and a 
disturbance of the pneumatic equilibrium of the atmosphere duo to an 
abnormal condition in regard to temperature and moisture. It is true 
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that intense electrical excitement generally accompanies tornadoes ; but, 
while it is easy to see how this may be the effect of a commotion of the 
atmosphere, it is very difficult to nnderstnnd, on the known principles 
of electricity, how it can be the cause of such violent phenomena. 
Electricity generally exists in nature in a state of equilibrium, and the 
discharges which wo witness are due to the restoration of the equili- 
brium, while, ou the other hand, as it appears to me, all the phenomena 
which are exhibited find a reaily explanation on well-known thermal and 
pneumatic principles. Let us first consider the condition of tlic atmos- 
phere previous to the coming on of the tornado. The air was close 
and sultry; that is, it was surcharged with moisture, which, absorbiug 
the rays of the sun, rendered it unusually warm and abnormally light. 
It', in this condition, we suppose a stratum of colder wind from the north- 
west, the direction from which the meteor moved, to be passing iibove, 
we shall have a condition of atmosphere possessing the potential energy 
requisite to producctbe pfaeDOtuena observed. As the upper wind passed 
over the earth at a considerable elevation, the uatural equilibrium would 
be disturbed, a heavier stratum being above, a lighter one below. The 
equilibrium would be of an unstable character, and the slightest irreg- 
ularity at a given spot would induce the rushing up of the air at the 
point of least resistance, and a descent around this ttoiiit of the heavier 
stratum. The column of agitation would be more cii-cumseril>ed if a 
whirling motion were given the mass, and the whole would be carried 
forward by the motion of the upper current. The moist air would rush 
iu below from all sides, and, ascending in the vortex and mingling with the 
colder stratum above, would instantly be converted into visible vapor. 
If the moist stratum had been sufficiently thick and the upward motion 
sufliciently violent to carry the vajmr above the snow-line of the lati- 
tude of the place, the drops of water would have been frozen, and 
probably thrown out on each side of the vortex, giving rise to two 
tracks of bail. According to this hypothesis the electricity is due to 
the condensation of the vapor, or, more definitely, to the lormation of a 
vertical water-conductor, of which the imtnral electricity is disturbed 
by the induction of the plus electricity of space, and the minus elec- 
tricity of that of the earth below. The great mechanical effects which 
are exhibited in tornadoes are readily accounted lor on the principle of 
continued pressure or a succession of i'mpulses, as an illustration of 
which we may mention the eS'ect produced by blowing on a light ball 
iu a hollow tube. In this case the ball is followed by a continued pres- 
sure from one end of the tube to the other ; at every moment it receives 
anew impulse, which it retains by its own inertia, and finally leaves 
the tube with the accumulated effect of the force which is applied to it 
through its whole course. In like manner, a stratum of air set in motioo 
by the removal of pressure iu front of it, while a pressure is continued 
in the rear, is imi>elled forward with an accumulating velocity, and 
finally acquires an energy sufficient to overcome obstacles of astonishing 

L^.ooi^lc 
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resistance. The resulta will be the less aarprising when we recollect that 
a cnbio yard of air at the Borfoce of the earth weighs aboot two pooDds 
avoirdapois, and that, couaeqaetitly, a stream of this fiuid a qaarter 
of a mile loug, moTiog with high velocity, mast poasesa am immense 
energy. 



EFFECT OF THE HOOV OX THE WEITHEB. 

In annptr to a leller on the mbjeel. 

Since the form of the orbit of the earth is aflfected by the attraction 
of Venus and the other planets, as well as by our satellite the moon, 
they must in some degree also affect the form of the atmospheric oover- 
ing of the globe, and tend to prodnce tides which are of greatest mag- 
nitude when they are in opposition or conjunction with the son : bnt 
whether these disturbances of the atmosphere or tBose produced by the 
moon are of snch a character aa to give rise to the violent atmospheric 
commotions denominate^ storms, is a question which has lon^ a^tated 
the scientific world. 

The times and pecnliarities of the meteorological occurrences are 
more varied and less definitely remembered than almost any other 
natural phenomena, and hence the large number of different rules for 
predicting the changes of the weather. The only way of acciirat«ly 
ascertaining the truth of any hypothesis in regard to atmospheric 
changes, is thatof having reconrse to tmstworthy records of tbeweathw 
through a long series of years, and it is one of our objects in collecting 
meteorological statistics at the Smithsonian Institution to obtain the 
means of proving or disproving propositions of the character yon have 
advanced. 

The moon, being the nearest body to the earth, produces the highest 
tide iu the waters of the ocean, and must also produce the greater effect 
on the aerial covering of the earth. It has, however, not been satisfac- 
torily proved that tbe occurrence of the lunar tides is counecteil with 
appreciable changes in the barometrical or tbermometrical condition of 
the atmosphere. The less pressure of the air, at a given place, on. 
account of the action of the moon, is just balanced by the increased 
height of the aerial column. 

The principal causes of the violent cbanges of tbe atmosphere 
are, I think, due to its instability produced by the formation and con- 
densation of vapor. It is not impossible, however, that when the air iB 
in a very unstable condition on account of the heat and moisture of the 
lower strata, that the aerial tide may induce an overturning of tbe 
tottering equilibrium at some one place in the northern or southern 
hemisphere more unstable than the others, and thus commence a storm 
which, bnt for this extraneous cause, would not have happened. To 
detect, therefore, the inflaeuce of the moon, it will be necessary to com* 
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ancient history of North America, by M. Mnch .' 4S5 

language of the Dakota or Sions Indiana, by F. L. O. Btehrig 434 

Exchanges, accoant of system of 15 

Excliange.agents of Smithsonian Institution 51 

Exchanges from America to Europe 52 

Exchanges from Europe to America . ..—. . 54 

Exchangee, regulations for . ,. .......... SO 

Exchanges, statistics of 51 

Executive Committee of the Institution 5 

Executive Committ«e, report of 9i 

Expenditures fiom Smithson fund for 1871 100 

Explorations, account of 96 

Ferrell, William, on converging series 15 

Finances of the Institution in ISTl 13.99 

Fire, Indian mode of obtaining 420 

Fishes' food, inquiries relative to, by Professor Baird.. 27 

Fcvelgu institutions in correspondeuce with Bmithaonian Inatitntion 16, 19 

Fourier, Joseph, biography of, by M. Arago 137 

Franking privilege desired by Smithsonian 103,105 

Freights free by railroad and steamahip lines 19 

Fund, statement of Smithsoo 13,99 

Fnngi, researches on 249 

Garfield, J. A., acts of, as EegenI 104 . 

Gases, researches on. (SeeGroham.) { nnolc 
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Generation anil portlieDOfteQesie in the animal kingdom S35 

Geneva Society of Phjraics aod Natural History 341 

Otology, inatmotionB for expedition b> North Pole 381 

Oeology, (seeFonriar) 168 

Geology, report of Geneva Society 349 

Geoloity of Loaieiana, by E. W. Hitgard 16 

Geometry. (See Fonrier.) 

Gibbs, Geo^e, Indian arrow-headi : 4S0 

Oibba, George, Indian vooabnlariee XT 

Gill, Theodore, atrangeioent of moUoBka 16 

Glaciers, inBtmctions for expedition to North Pole 366 

Qlyptodon, account of cast of, in Unseam 40 

Government collections, exi>enditiire« 101 

GovemmeDt, Smithsonian services t« 36 

Graham, PiofesBor Thomas, scientiQo work of 177 

Gravity, force of, instructions for expedition to North Pole 370 

Grossman, F. E., Pima Indians of Arizona 407 

Hal), Captain C. F., contribntions to Mnseumby 33 

Halt, Captain C. F., instmctiona to, forexpedition toward the North Pole 361 

Hall, Captain C. F., organization of North Polar expedition 35 

Hamlin, H., acts of, OS Regent 103,104 

Harkness, William, on inagnetio observations 1& 

Harrison, Joseph, aid to Mr. Catlin 41 

Hatrisoo, William, storm in Bntlet County, Kansas, by 462 

Hawkins, B. Waterhonse, designs by, forUnsenm 39 

Hay den. Dr. F, v., explorations by 28 

Heat, historical analysis of radiant 157 

Helmholtz, Dr. H., relation of physiool sciences to science in general 317 

Henry, Professor, acts of, as Secretary of Board 103,104 

Henry, Professor, annnsl report of ...... 13 

Henry, Professor Joseph, instmctions to Hall's expedition t«ward the North 

Pole 364 

Henry, Joseph, instmctions on meteorology to Capt^n Hall 373 

Henry, Professor— METEOROLOGICAL Notes 451 

Rain in the tropics 452 

Trade-winds , 453 

Northers 458 

Constant windfiom the west 455 

Snow on the great plains 455 

Clond-cape 4S5 

Fallot barometer in tempests 456 

Tornadoes and tempests 456 

Canse of tornadoes 458 

Effect of tho moon on the weather 460 

Canse of storms 460 

Attraction of Venus no effect on the weather 461 

Espy's artificial prodnction of rain 461 

No connection of storms and aurora 461 

Herschel, John Frederick William, memoir of. 109 

Hilganl, J. E., instractioDS to Captain Hull 367,369,373 

Hilgard, E. W., on geology of Loalsiana 16 

History of North America, M. Much 425 

Indian laJigaages, (seeRcebrig) _ 434 

Indian monnds. (See Ethnology.) 
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ladiaD Tocabolaries 17 

IntematioDal copyright, importance of g3 

Interpolation, metboda of, applicable to the graduation of irr^alar serios, such 

as tablesof mortality, etc 275 

lastitationa in correspondence 'witli the Smitbsoiuaii Inatitation 16, 17 

loBtiraQce-tables _ 2T5 

Japan, acknoirledgment foe acbool-books Beat to........ . .. 37 

Japan, adoption of westem civilization by 37 

Joniualoftbo Board of Begents...: 103 

Kampf, Dr., calcnlatiou of tables by is 

Knight, B.T., connection of gales of windaudaorora MI 

Komliuber, Dr. O. A-, generation and partbenogeneais. 333 

Kroeli,C.F., translations by 217,849,425 

Lamark, distinction between tornadoes and tewpeatA 4^ 

Langnage of the Dakota or Siooz Indians, by F. L. O. Eiibhrig 434 

LetimeT, George, meteorology of Porto Bico 451 

Libraries, raleaof diatribntionof pnblications to 16 

Library, account of additions to, .... ...... 31 

Library, Army Medical Muaemn . .. 23 

Library of Congress 32 

Life-iuaorance tables 375 

Light-Hoose Boaid, services rendered to, by Secretary of Smitbsouian Inatitn- 

tion 36 

Lightning-rods, circular printed 17 

Liquids, lesearchea on. (See Graham.) 

Lyceums, eoconragement to IS 

Lyon, W. B., antiqnities in Kew Mexico 403 

Maclean, John, report of Execntive Committee . 102 

Magnetism, instmctions OD, for expedition to North Pule 369 

Uanzano, Dr., account of relic fh>m 433 

Mayo, Joseph, letter from, relative to Virginia bonds 105 

HcConnell, E. M., letter from, relative to old Indian village, Kashkushkee, Penn- 
sylvania 406 

UcMiun, Mra. James A., valuable conttibations from 28 

Medicine, report of Geneva Society of 353 

Meek, P. B., instmctions by, to Captain Hall 384 

Meek, J. B., report of tornado in Sprnce Creek Valley, Pennsylxauia, by 4o6 

Megatheriom, account of cast of, in Mnsenm 29 

Members ex a,flcio of the Institution 5 

Memoir of John Frederick William Herschel 109 

Joseph Fonrier 137 

Thomas Graham 177 

Edirard Claporede 336 

Angustns Waller 342 

Metagenesis, researches on 236 

Meteorology, account of Smithsonian system of 23 

Meteorological articles received by the Institution and deposited in the Library 
of CougreBB : 

Auroras 80 

Earthquakes 80 

Electricity ei 

Forests, loflncuceof 81 

Geoeral meteorology 61 

Hail SB 
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Meteorological articles received, du;. — Continned. 

lustnimebts 

Local meteorology : 
Europe: 

AoBtria .'.. 

Belgiam 

Denmark 

England and Scotland :... 

GermaDf 

Italy 

Netlierlanda 

Norway 

PortoKol 

Bnwia .' 

Spain 

Sweden . . ,., 

Switzerland 

North America: 

Canada 

Nova Scotia 

United States 

West Indies '. 

South America 

Anstralia 

New Zealand 

Aaia 

Africa 

HagDetiam 

Uagnetio and meteorological 

Meteors 

Oc«an en rrents and tides 

Freasore of tbe atmospbere 

Rain 

Solaiheat 

StonnB and tornadoes 

Telegraphic weather-reports 

Temperature 

Volcanoes 

Winds 

Zodiacal light 

Meteorological material received and kept in Smithsonian 

Het«oroli^cal stations and observers in IS7t 

Meteorofog;, articles on 

Meteorology, notes on, by Professor Henry 4S1, 452, 4&&, 456, 458, 4( 

of Porto Rico, by Oeoi^e Latimer 

of Green River conntry, by Colonel Coll ins 

distinction between tornadoes and tempests, by Lamark 

tornado in Spruce Creek Valley, Pennsylvania, by J. B.Meek 

effect of tbe moon on the weather, by J. Henry 

connection of gales of wind and anroro, by R. T. Knight 

storm in Butler County, Kansas, by Willtara Harrison . . 
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HeteoTology, CommisBioner of Agricnllore dlBcontinaea publication of obeerra- 

tiooe 105 

HeMorology, instructions for espedition to North Pole 37S 

Meteorology, (see Henry) 451 

Hater com miaaion in Europe ^ 36 

Moon, effect of the, on the weather 460 

Morgan, L. H., on sfBtems of relatiouBlilp, by 15 

Mori, Mr. A., Jnpaoeee mimster, aid rendered to 37 

Mortality-tables, methods of gradoating 275 

MoDuda.' (See Ethnology.) 

Mnch, M., ancient history of North America, by 425 

MosBido, exploration to, by Benjamin Anderson SO 

Mnsenm, ocoonnt of work done in the . . 30 

HuBeum, additions ta collections in the 29,30,43 

Mnsenm, distribution of dnplicstes from the 42 

Museum, entries in the record-books of 43 

National Academy, instructions to Captain C. F. Hall , 364 

National Academy of Sciences .....35,364 

National Library, necessity for a new bnildiog for 22 

National Museum, appropriatioua for J} 

National Museum, changes in building (or 39 

Natural History, GenevaSociety of, transactions of 341 

Natural bist«ry, instructions for expedition to North Pole 379 

Navy Department, inatractions to Captain C. F. Hall 36t 

Netherlands, bnrean of exchanges 19 

Newcomb, B., instructions to Captain Hall 368 

Newcomb, S., on orbit of Uroons 16 

North Pole, instructions to Captain Hall's expedition 361 

Ocean physics, instructions for expedition t« North Pole 370 

Ocean wind-charts of the English board of trade 25 

Odiiag, William, on Professor Tbomaa Qraham's -scientific work 177 

Officers of the Institution . 6 

O'Hielly, Henry, on discovery of electro-magnetic telegraph 104 

Parker, Peter, acts of, as Kegent 103,104 

Parker, Peter, report of Executive Committee ID! 

Parthenogenesis in the animal kingdom, by Dr. 0, A. Eomhuber -^ 835 

Peale, T. B., claim for portrait of Washington 101 

Peter, Bobert, ancient mound near Lexington, Kentucky 420 

Peters, Dr. C. H. F., communication from, relative to telegraphic annooncement 

of discoveries of planets, etc 103 

Physical acieuce, relation of general science to, lecture on 217 

Physical Sciences, report of Cieneva Society on 344 

Physiology, animal 235 

Physiology, report of Geneva Society of. 351 

Physics, Geneva Society of, traDsoctions 341 

Physics. (See Fourier.) 

Pima Indians, account of 4IT7 

Planetary orbits, secular variations of the !81 

Plants, present knowledge of cryptogaroons 249 

Poland, L. P., acts of, as Begent 108, IM 

Polar expedition of Captain Hall 361 

Powell, Professor J. W., account of explorations by !6 

Powell, Professor J. W., appropriation for exploration reoonunenSed fbr ICE 

Programme of organization I 

Publications of the Institution „ 
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Railroad- liuea, free freiglita by 10 

Raiu-fall, Sniithsoniau publication relative to 15,24 

Receipts lh)iu Smitbsou fuoil for 1871 100 

RogciitB, journal of tho board of 103 

Regents of the Institution, list of 5 

Kc);u1ationa far international exchanges- SO 

Relation of pliysical sciences to science in general, lecture by Helmboltzon 217 

Rcicbanit, Henry William, present knomledge of cryptoKamoDB plants 349 

Report, Dew edition from storeotfpe-plates recommended IT 

Ri-port of Professor Henry -. 13 

Report of the Executive Committee 99,104 

Rbeu9, William J., list of institutions in United States, by 17 

Robeson, Georfio M., instructions to Captain C. Y- Hall 361 

Rmtirig, F. L. O., language of tbe Dakota or Sioai Indians 434 

Scbieffuliu, H. M., publication »f Anderson's exploratiou of Mnsardo by 20 

Schooi-bcwks presented to Japan 37 

Scbott, Arthur, anoient relic of Maya sculpture 4S3 

Seicnco, importance of promoting abstract 37 

Science, relation of, to physical sciences 317 

Scientific associutious, encouragement to 35 

Seyffarth, Dr. G. Tanls stone 34 

Sbell-heapg. (See Ethnology.) 

Signal-service mateoro logical system 33 

Smith, F. O. J., relative tn elect ro-mogno tie telegraph 105 

Smithson's will 7 

Spainbonr, J. M., antiquities In North Carolina 404 

Stable erecl«d ou Smithsonian gronuds 104 

Stable on Smithsouiau grounds 104 

Steamship-liucB, free freights by 19 

Stocknell, John N., secular variations of the planetary orbits 15,361 

Tauls atone, account of -. 34 

Telegraph, electro-magnetic. (Sea (yEielly; Smith-) 

Temperature, reductions of, account of 35 

'rLunder-atorms, circular printed 17 ' 

Tornadoes and tempests, (see Meteorology) 451 

Trumbull, L., acts of, as Regent 10:), 104 

Uhler, P. H., monograph of Hemiptera IG 

Virginia stocks 13,99,103,101 

Vocabularies of Indian languages 17 

Waller, Dr. Augustus, notice of... 342 

Ward, Henry A., caalu presented by 39 

Washington, portrait oi, claimed by T. R. Peale 104 

Watson, Professor S., botany of region west of Mississippi 16 

Winds, discussion of, by Professor Coffln 34 

Wood, Dr. H. C on fresh-water algiB 15 

Zoolngy, report of Geneva Society on 351 
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